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us, and the method by which it is to be performed, to be particularly
described in  5 and by the following statement:- The present invention
relates to 7-a-aminoacyl-3-halo cephalosporins and the non-toxic
pharmaceutically acceptable salts thereof, valuable, orally effective
antibiotics. 10          Several 7-a-aminoacyl cephalosporin antibiotics
with varying substituents in  10 the 3-position of the molecule are known.
For example, the well-known antibiotic cephalexin,
7-(D-a-phenylglycylamido)-3-methyl-3-cephem-4-carboxylic acid, a
desacetoxycephalosporanic acid which has a methyl group in the 3-position;
the antibiotic  cephaloglycine, 7-(D-a-phenyl-gi.ycylamido)-3-acc
oxymethyl-3- 15      cephem-4-carboxylic acid, a cephalosporanic acid
having an acetoxymethyl group  15 in the 3-position; and the a-amiroacyl
cephalosporins wherein the 3-position is substituted by a
thiadiazolthiomethyl or tetrazolthiomethyl moiety are all valuable
therapeutic agents. Also a number of cephalosporin compounds have been
described wherein the molecule is substituted in the 3-position by a
3-halomethyl 20      group, for example,
3-bromomethyl-3-cephem-4-carboxylic acid esters. The 3-   20 halomethyl
cephalosporin esters which have been described are disclosed as useful
intermediates for the preparation of cephalosporin antibiotics. The halo
cephalosporn compounds provided by this invention are structurally unique
compounds of the cephalosporin class in that the halogen atom 25      is
attached directlv to the carbon in the 3-position of the dihydrothiazine
ring. In  25 contrast, previous halo derivatives of cephalosporins, such as
those described above, bear a halogen atom on a methylene group attached to
the carbon atom in the 3-position of the dihydrothiazine ring. The novel
compounds thus provided have a combination of features which comprise a
7-a-aminoacyl moiety attached 30      to a cephalosporin nucleus which is
substituted in the 3-position faith a fluoro,  30 chloro, or bromo atom.
The 7-n-aminoacyl-3-halo cephalosporin compounds of the invention are
represented by the following formula I [err] 35      wherein R is phenyl,
monohydroxyphenyl, dihydroxyphcnyl, monohalophenyl, di-  35 halophenyl,
monomethylphenyl,  dimethylphenyl,  monomethylphenyl,  di- methoxyphenyl,
2-thienyl, 3-thienyl or 2-furyl;    
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2 [err] is hydrogen, benzyl, p-methoxybenzyl, p-nitrobenzyl,
diphenyylmethyl, 2,2,2-irichlorothyl, trimethylsilyl. or t-butyl: [err] is
hydrogen or an amino protecting group: X is fluoro, chloro, or bromo: 5
and when [err] or [err] is hydrogen the pharmaccutically acceptable
non-toxic salts      5 thereof. Preferably, [err] is a hydrogen atom. Mono
and dihydroxyphenyl groups are, for example, 4-hydroxyphenyl, 3-
hydroxyphenyl, 2-hydroxyphenyl, 3,4-dihydroxyphenyl, and 2,4-dih
droxyphenyl. 10      Mono and di halo substituted phenyl groups wherein
halo refers to fluoro. chloro   10 and bromo, are, for example.
4-fluoropheyl, 4-chlorophenyl, 2,4-dichlorophenyl. 3-chlorophenyl,
2-chlorophenyl, 3-bromophenyl, or 4-bromphenyl. Mono methylphenyl groups
are for example the isorneric 2, 3, and 4-methylphenyl groups and the
dirnethylphenyl groups are, for example, 3,4-dimethylphenyl. and 2.4-di- 15
methylphenyl. Mono and di methoxyphenyl groups are, for example, 4-methoxy-
15 phenyl, 3-methoxyphenyl, 2-methoxyphenyl, 3,4-dimethoxyphenyl, and
2,6-di- methoxyphenyl. Preferably, R is phenyl. Further embodiments of the
invention comprise compounds of formula I wherein (a) R is mono or
dihydroxyphenyl; (b) R is mono 20      dihalophenyl; or (c) R is 2-thienyl.
20 The ester groups represented by [err] in the above formula are all known
ester moieties which are commonly employed in the cephalosporin art to
protect the [err] carboxyl group of the cephalosporin molecule while
reactions involving other reactive sites in the molecule are carried out.
25           The term, "pharmaceutically acceptable non-toxic salts",
refers to both the   25 salts of the [err] carboxylic acid function and the
acid addition salts of the [err]-amino group of the 7-glycylamido side
chain. Pharmaceutically acceptable salts involving the [err] carboxylic
acid function include the salts formed with inorganic bases such as the
sodium, potassium and calcium salts which can be prepared with sodium 30
bicarbonate, potassium  carbonate, calcium  hydroxide, or sodium
hydroxide.       30 Pharmaceutically acceptable amine salts can also be
prepared for example with the organic amines such as dicyclohexylamine,
benzylamine, 2-aminoethanol, di- ethanolamine, or diisopropylamine. Acid
addition salts of the [err]-amino group include the salts formed with the
mineral acids such as hydrochlorides. hydro- 35      bromides and the
sulfates and the salts formed with organic sulfonic acids such as  35 the
p-toluenesulfornates. It will be readily recognized that when [err] and
[err] are hydrogen the zwitterionic form  of the compounds can exist which
form  arises via intra- molecular salt formation. 40           Owing to the
presence of the asymetric carbon atom in the [err]-aminoacyl group  40 the
3-halo cephalosporins of the above formula include the D-, L- and DL-
forms. The D- form is the preferred isomeric form of the present invention.
Examples of the [err]-aminoacyl-3-halo-cephalosporins represented by the
above formula are the following: 45
7-(D-a-phenylglycylamido)-3-fluoro-3-cephem-4-carboxylic acid.
45 7-(D-[err]-phenylglycylamido)-3-chloro-3-cephem-4-carboxylic acid,
7-(D-[err]-phenylglycylamido)-3-bromo-3-cephem-4-carboxy lic acid. 7 - ID -
a - (4 - hydroxyphenyl) - glycylamidol - 3 - fluoro - 3 - cephem - 4-
carboxylic acid, 50           7 - ID - a - (3 - hydroxyphenyl) -
glycylamidol - 3 - chloro - 3 - cephem - 4-  50 carboxylic acid, 7 - ID - 2
- (2 - thienyl)glycylamidol - 3 - chloro - 3 - cephem  - 4- carboxylic
acid, 7-ID-2-(2-furyl)glycylamido]-3-chloro-3-cephem-4-carboxylic acid, 55
7-ID-a-(4-chlorophenyl)-glycylamido]-3-bromo-3-cephem-4-carboxylic acid.
55 7-ID-a-(3-methylphenyl)-glycylamido]-3-chloro-3-cephem-4-carboxylic
acid. 



7 - ID - a - (2,6 - dimethoxyphenyl) - glycylamido] - 3 - chloro - 3 -
cephem - 4- carboxylic acid, 7 -ID - 2 - (3 - thienyl) - glycylamidol - 3 -
fluoro - 3 - cephem - 4 - carboxylic 60      acid, 7 - ID - 2 - (3 -
thienyl) - glycylamido] - 3 - chloro - 3 - cephem -4 - carboxylic acid, as
the zwitterionic forms and the pharmaceutically acceptable salts thereof.
The term "a-" in connection with the compounds listed ahove. and other 65
phenyl derivatives of the invention. indicates the portion of attachment of
the    6    3                                        1,461,323
3 phenyl group, and does not refer to stereochemical features of the
molecule. The  compounds of the  formula I wherein  [err]  is hydrogen  or
the pharmaceutically acceptable non-toxic salts thereof are valuable
antibiotics useful for combating infections in warm  blooded mammals caused
by gram- 5       positive and gram-negative microorganisms. They are
effective when admini-          5 stered parenterally, for example,
subcutaneously or intramuscularly, as well as when administered orally.
Accordingly, in  one  aspect of the  invention  there  is provided  a
pharmaceutical formulation containing a cephalosporin of formula 1 where
[err] is 10      hydrogen, or a pharmaceutically-acceptable  salt thereof,
associated with a          10 pharmaceutically-acceptable carrier therefor.
The 7-[err]-aminoacyl 3-halo-cephalosporins possess a broad spectrum of
anti- bacterial activity as illustrated by the in vitro spectrum for
7-(D-[err]-phenylglycyl- amido)-3-chloro-3-cephem-4-carboxylic acid
presented in the following tables. 15           Table I lists the minimum
inhibitory concentrations (MIC) in micrograms per     15 milliliters
([err]g./ml.) obtained with this compound in the standard agar dilution
test. Table 1. (7-(D-a-Phenylglycylamido)-3-chloro-3-cephem- 4-carboxylic
acid in vitro spectrum MIC Organism*
([err]g./ml.) Staphylococcus aureus 3055                       1
Staphylococcus aureus 3074                      1 Streptococcusfaecalis X66
16 Proteus morganii PR 15                         >128 Salmonella typhosa
SA 12                         <.5 Klebsiellapneumoniae KL 14
.2 Enterobacter aerogenes E B 17                     8 Serratia marcescens
SE3                      >128 Escherichia coli EC 14
2 Ciirobacterfreundii CF 17                    > 128 Pseudomonas aeruginosa
X239                  >128 Bordetella bronchiseptica 16
64 Salmonella typhimurium                           I Pseudomonas
solanacearum X1 85              <128 Erwinia amylovora *Numbers and/or
letters following the organism name refer to strains. Table II below lists
the diameter in millimeters of the zone of inhibition of growth of the
indicated micro-organisms in the standard disc-plate assay 20
obtained with 7 - (D - [err] - phenylciycylamido) - 3 - chloro - 3 - cephcm
- 4  car-   20 boxylic acid.   
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4 Table 11. Zone of inhihition* (m m-d iamet cr) Concentration (mg/ml)
Microorganism                          1.0    0.1   0.01 Staphylococcus
aureus                  35      28     20 Bacillus subtilis
44      32     21 Sarcina lutea                          48      27     27
Mycobacierium avium                   24     Tr      - Proteus vulgaris
23     Tr      - Salmonella gallinarum                  35      25     13
Escherichia coli                       30      20     11
Klebsiellapneumoniae                   28      20     12 Pseudomonas
solanacearcum              32      23     - *Tr indicates a trace zone. A
dash (-) indicates no observed zone. In Table IlI which follows the MIC
value obtained with 7 - (D - a - phenyl- glycylamido) - 3 - chloro - 3 -
cephem - 4 - carboxylic acid against a spectrum of gram-positive and
grain-negative microorganisms in the agar dilution 5      test is shown.
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5 Table Ill. In vitro Antiobiotic Spectrum of
7-(D-[err]-phenylglycylamido)-3-chloro- 3-cephem-4-carboxylic acid Minimum
Inhibitory Concentration Test Organism*    MIC pg./ml. Staphylococcus
aureus   3055                1.0 do                 3123
1.0 do                 3074                2.0 Streptococcus (Group D) 9901
64 Enterobacter cloacae    EB9                 128 Enterobacter aerogenes
EB 17              64 Escherichia coli        EC14                1.0 do
EC35                2.0 do                 EC38                1.0
Klebsiella sp.         KL3                >0.5 do                 KL14
2.0 do                 KL25                2.0 5 Proteus mirabilis      PR6
1.0 Proteus morganii       PR 1               128 Proteus rettgeri
PR9              > 128 do                 PR2             > 128 Salmonella
SA 12              <0.5 Shigella sp.           SH3                 2.0
*Numbers and/or letters following the organism name refers to strains. In
the standard agar dilution test, 7 - (D - [err] - phenyl - glycylamido) -
3- chloro - 3 - cephem  - 4 - carboxylic acid demonstrated  activity
against Haemophilus influenzae having MIC  values of from I to 4 mg/ml
against a 5      number of strains.
5 



In  Table  IV  which  follows the  oral absorption  of 7-(D-a-phenyl-
glycylamiido)-3-chloro-3-cephem-4-carboxylic acid is demonstrated by the
blood and urine levels obtained in mice. In carrying out the test
McAllister Swiss mice weighing from  II to 13 grams were fasted overnight
and were then orally 10      administered 20 mg/kg. of
7-(D-[err]-phenylglylcylamido)-3-chloro-3-cephem-4-car-   10 boxylic acid.
Blood and urine samples were  taken at the indicated intervals and the
concentration of the antibiotic in each sample was determined by
microbiological assay using Sarcina lutea  in pH 6.0 agar in the disc-plate
assay.    6                                        1,461,323
6 Table IV. 7-( D-[err]-Phenylglycyiamiido)-3-chloro- 3-cephem-4-carboxylic
acid Blood and Urine Levels Concentration [err]g./ml. Mouse No.
at time intervals (min.) 5   15  30   60   90  120  240 1       29.1 16.2
11.6 3.5  1.2  0.5  0.2 2       23.7 19.2 11.0 5.2  3.2  2.0  0.6 3
17.6 10.1  9.1 5.7  2.1  1.3  0.7 4       23.3 13.6 10.1  4.0  1.6  1.6
1.0 Average Blood      23.4 14.8 10.5 4.6  2.0  1.4  0.6 Average in Pooled
urine   -   1474 1764 843  305  308  226 The effective dose ([err]) for
7-(D-[err]-phenylglycylamido)-3-chloro-3-cephem- 4-carboxylic acid which is
illustrative of the effective dose for the compounds of the invention is
0.74 mg./kg. x 2 oral and 0.48 mg./kg. x 2 s.c. vs. Streptococcus 5
pyogenes, and 5.5 mg./kg. x 2 orally vs. Escherichia coli and 17.6 mg/kg x
2 orally vs.  5 Diplococcus pneumoniae as determined in mice. In Table V,
below, are presented the minimum inhibitory concentrations (MIC) against
representative gram-negative bacteria for illustrative 3-halo-3- cephem
compounds of the invention. The inhibitory concentrations were 10
determined by the Gradient-Plate method carried out essentially as
described by     10 Brijson and Szybalski, Science 116, 45 (1952). In the
Table V the A terms have reference to the structural formula. Table V.
Antibiotic Activity of Substituted
7-(a-Phenylglycylamido)-3-chloro-3-cephcem- 4-carboxylic acids vs.
Gram-Negative Bacteria [err] Test                       Minimum Inhibitory
Concentration Organism                                  ([err]g/ml) A 3-OH
4-OH   4-Cl   H Shigellasp.                     1.0      2.0       13.3
6.7 Escherichiia coli              1.0      2.0       17.2      5.7
Klebsiella pneumoniae         0.9        1.5       8.0      0.9 Aerobacter
aerogenes           0.8        1.0       5.0      0.8 Salmonella heidelberg
0.5       0.8       10.7      0.2 Pseudomonas aeruginiosa       >200
>200      >200    >200    
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7 I n the following Table VI. the activity of representative
3-halo-3-cephem compounds against several clinical isolates of
penicilin-resistant staphylococci is presented. The activity is presented
in minimum inhibitory concentrations of the test compound. The minimum
concentrations were determined by the Gradient- 5      Plate method.
5 Table VI. Antibiotic Activity of Substituted
7-(a-Phenylglycylamido-3-chloro-3- cephem-4-carboxylic acids vs. Penicillin
Resistant Staphylococci [err] [err]          Minimum Inhibitory
Concentration Strain                            ([err]g/ml) A 3-OH  4-OH
4-Cl    H V41                  3.0/       5.0/    10. 5/> 20  1 1.5/>20 V32
3.5/       7.0/      1 8/> 20    17/> 20 X400                 > 20/      >
20/    >20/>20   >20/>20 V84                  0.5        0.6/     3.0/>20
2.7/15 XI.I                 0.4/       0.6/      0.4/0.7    0.4/1.0 I/ The
letter-numeral designations refer to  strains of clinical isolates of
penicillin-resistant staphylococcus. 2/ In the columns, the value above the
slash is the MIC in the absence of human serum. The value below the slash,
when present, is the MIC in the presence of human serum. The compounds of
the invention can be prepared by the N-acylation of a 7-
amino-3-halo-3-cephem-4-carboxylic acid or an ester thereof, for example
the benzyl, p-mcthoxybenzyl, p-nitrobenzyl. diphenylmethyl.
2.2.2-trichloroethyl, tri- 10      methylsilyl or t-butyl ester, with an
active derivative of a phenyl, thienyl or furyl  10 substituted glycine of
the formula [err] wherein R has the same meanings as defined in Formula I.
In carrying out the acylation the amino group of the glycine is desirably
protected as. for example, a 15      salt such as the hydrochloride or with
one of the commonly used amino-protec-            15 ting groups, for
example, the t-butyloxycarbonyl, benzyloxvcarbonyl. p-nitro-
benzyloxycarbonyl, trichloroethoxycarbonyl or trityl group, or enamines
formed with methly acetoacetate and acetylacetone and like groups.
Activated derivatives of the carboxyl group of the substituted glycine can
be the acid halides such as the 20     acid chlorides, the activated esters
such as those formed  with pentachloro-           20 phenol, the azide, or
the mixed  anhydride formed  with the glycine and methyl chloroformate and
isobutyl chloroformate. Also, the amiino-protected glycine can be used
directly in the acylation of the desired 3-halo nucleus ester by employing
a condensing agent such as N-ethoxycarbony1-2-ethoxy-l.2-dihydro- 25
quinofoine (LEDQ). For example. p-nitrobenzyl
7-amino-3-chloro-3-(cephem-1.1          25 carboxvlate is reacted with
N-(t-butyloxycarbonyl) D-phenyl-glycine in a dry inert solvent, for example
tetrahydrofuran. to' form pnitrobenzyl 7-(D-[err]-phenylglycyl-    8
1,461,323                                     8
amido)-3-chloro-3-cephem-4-carboxylate. In general, any of the known amide
coupling methods can be used in the acylation of the
7-amino-3-halo-3-cephem-4- carboxylic acids or esters. When the activated
derivative is an acid halide the acylation is carried out in the presence
of a hydrogen halide acceptor such as 5      sodium bicarbonate, pyridine,
sodium bisullite, or any alkylene oxide such as   5 propylene oxide. When a
mixed anhydride is used in the acylation the mixed anhydride may be formed
with the use of N-ethoxycarbonyl-2-ethoxy-1.2-di- 



hydroquinoline (EEDQ). When an N-protected phenyl, thienyl or furyiglycine
is used, the acylation can be carried out in the presence of a condensing
agent such 10      as N,N'-dicyclohexylcarbodiimide.
10 Illustrative of the substituted glycines which can be used in the
preparation of the compounds of the invention are D-phenylglycyl chloride
hydrochloride. D-4- hydroxyphenylglycyl chloride hydrochloride,
pentachlorophenyl D-phenyl-N-(t- butyloxycarbonyl)glycinate,
pentachlorophenyl D-2-thienyl-N-(2,2,2-trichloro- 15
ethoxycarbonyl)-glycinate, N-(t-butyloxycarbonyl)-D-phenylglvcine,
N-(1-carbo- methoxy-2-propenyl)-D-phenylglycine, 3-thienylglycyl chloride
hydrochloride, N- (t-butyloxvcarbonyl)-2-thienvlglycine or
N-(t.butyloxycarbonyl)-2-furylglycine. The acylation is usually carried out
in an inert solvent for example in acetone, acetonitrile, dimethylformamide
or methylene chloride and preferably at a 20  temperature between about -20
and 20'C. For example, 7-(D-phenylglycyl-        20
amido)-3-chloro-3-cephem-4-carboxylic acid is prepared by reacting
D-phenyl- glycyl chloride hydrochloride with p-nitrobenzyl
7-amino-3-chloro-3-cephem-4- carboxylate in acetonitrile in the presence of
propylene oxide. The ester group can then be removed by hydrogenolysis. 25
Illustrative of the 7-amino-3-halo-3-cephem-4-carboxylic acids and esters
25 which are starting materials in the preparation of compounds of formula
I are 7- amino-3-chloro-3-cephem-4-carboxylic acid,
7-amino-3-fluoro-3-cephem-4-car- boxylic acid, p-nitrobenzyl
7-amino-3-chloro-3-cephem-4-carboxylate, diphenyl- methyl
7-amino-3-bromo-3-cephem-4-carboxylate, diphenylmethyl 7-amino-3- 30
chloro-3-cephem-4-carboxylate  and   p-methoxybenzyl  7-amino-3-fluoro-3-
30 cephem-4-carboxylate. The 7-amino-3-halo-3-cephem-4-carboxylic acids and
esters can be prepared in the following manner. A 7-acylamido
cephalosporanic acid or an ester thereof is converted to a
7-acylamido-3-exomethylenecepham-4-carboxylic acid or ester. An 35
ester of the 3-exomethylenecepham compound is then oxidized with ozone to
form  35 an intermediate ozonide involving the 3-exomethylene grouping,
which ozonide on decomposition provides the
7-acylamido-3-hydroxy-3-cephem-4-carboxylic acid ester. The
3-hydroxy-3-cephem ester is then fluorinated, chlorinated, or brominated to
provide the corresponding 3-halo-3-cephem. The 7-acyl group of 40       the
3-halo cephem can then be removed by the well-known side chain cleavage
40 reaction by employing phosphorus pentachloride in pyridine to obtain the
imino chloride derivative of the side chain, the imino chloride then being
reacted with an alcohol such as methanol to provide the imino ether, which
can then be readily hydrolyzed to provide the
7-amino-3-halo-3-cephem-4-carboxylic acid ester. 45           For example,
a 7-acylamidocephalosporanic acid  such as 7-phenoxy-        45
acetamidocephalosporanic acid is reacted with a sulfur-containing
nucleophile according to known procedures to effect a nucleophilic
displacement of the acetoxy group of the cephalosporanic acid and provide a
7-acylamido-3-thio- substituted-methyl-3-cephem-4-carboxylic acid. The
3-thio-substituted-cephem 50       acid is then reduced with zinc/formic
acid in the presence of dimethylformamidc  50 (DMF) or with Raney nickel in
the presence of hydrogen to yicid a 7-
acylamido-3-exomethylenecephem-4-carboxylic acid. For example, 7-phenoxy-
acetamido - 3 - acetoxymethyl - 3 - cephem - 4 - carboxylic acid is reacted
with potassium  ethylxanthate to provide
7-phenoxv-acetamido-3-ethoxythionocar- 55
bonylthiomethyl-3-cephem-4-carboxylic acid. Reduction of the latter
compound  55 with zinc and formic acid in the presence of DMF provides
7-phenoxy-acetamido- 3-cxomethylenecepham-4-carboxylic acid. Likewise, any
of a wide variety of 7- acylamidocephalosporanic acids can be reacted with
a variety of sulfur-con- taining  nucleophiles  to  provide  the
3-thio-substituted-methyl-3-cephem 60       compounds. For example the 7-ac
lamido group can be a heterocyclic containing  60 chain for example
2-thienylacetamido, or 2-furvl-acetamido, or it can be an alkanoyl side
chain as exemplified by acetamido or a wide variety of other side chains.
Also, the sulfur-containing nucleophile can be any, of a wide variety of
compounds such as thiourea and substituted thioureas which react with the 



65       cephalosporanic acids to provide isothiouronium  salts, the
thiobenzoates,    65    9                                        1,461,323
9 mercaptopyridme N-oxide, 1-methyl-tetrazol-5-thiol,
5-methyl-1,3,4-thiadiazol-2- thiol, and other sulfur-containing
nucleophiles. Following the reductive displace- ment reaction described
above the 3-exomethylenecepham-4-carboxylic acid thus prepared is then
esterified for example with p-mitrobenzyl bromide, p-methoxy- 5
benzyl bromide, diphenyldiazomethane, or 2,2.2-trichloroethyl chloroformate
or    5 other ester forming compounds, and the 3-cxomethylencecpham ester
is reacted with ozone to provide the 3-hydroxy-3-cephem ester. The
ozonolysis reaction of a 3-exomethylenecepham ester is carried out in an
inert solvent at a temperature between about --80 and [err]. and preferably
between -80 and [err] to form an 10      intermediate ozonide. The ozonide
is then decomposed, in situ in the cold to       10 provide the
corresponding 3-hydroxy-3-cephem ester as illustrated in the follow- ing
reaction scheme. [err] In the above formula [err] is H or the residue of
the acylamido group as described 15       above for example [err] can be
benzyl, phenoxymethyl, methyl, 2-thienylmethyl or 2-  15 furylmethyl, and
[err] is as defined in the formula 1. The ozonolysis of a
3-exomethylenecepham ester is carried out by bubbling ozone into a solution
of the ester in an inert solvent until ozonide formation is complete. Inert
solvents which can be used in the ozonolysis method are those 20
solvents in which the 3-exomethylenecepham esters are at least partially
soluble  20 35           and which are unreactive with ozone under the
described conditions. Commonly used solvents such as methanol. ethanol,
ethyl acetate, methyl acetate, iso-amyl acetate, and methylene chloride are
satisfactory solvents. Ozone gas is prepared by means of an ozone generator
of the type commonly 25       used in synthetic and analytical chemical
work. Such generators produce ozone by  25 the action of an electric
discharge on oxygen. One such ozone generator is that manufactured bv the
Wellsback Corporation. The ozone is generated in a stream of oxygen which
is then passed directly into the reaction vessel. The percentage of ozone
contained in the oxygen stream can be varied as desired, for example, by 30
varying the rate of flow of oxygen through the ozonizer as well as by
varying the  30 intensity of the electric discharge. The concentration of
the 3-exomethylenecepham ester starting material in the inert solvent is
not critical and it is preferred to use a solvent volume sufficient to form
a complete solution. 35        When ozonide formation is complete, any
excess ozone present in the reaction   35 mixture is purged from the
mixture by bubbling nitrogen, oxygen or an inert gas such as argon through
the mixture. Following the removal of any excess ozone, the ozonide is
decomposed by adding to the reaction mixture a reducing agent selected from
the group consisting of sodium  bisulfite. sulfur dioxide, and 40
trinmethylphosphite to provide the 3-hydroxy-3-cephem-4-carboxylic acid
ester.     40 The decomposition is carried out by adding an excess of the
decomposition reagent and then stirring the reaction mixture until the
reaction mixture is negative to the potassium iodide-starch test .A
preferred reagent for decomposing the inter- mediate ozonide is gaseous
sulfur dioxide. 45           The 3-hydroxy-3-cephem esters are recovered
from the reaction mixture by     45 evaporating off the volatile solvents
from  the mixture to obtain the reaction product mixture as a residue and
thereafter recrystallizing the reaction product from the residue. The
7-acyla mido-3-hydroxy-3-cephem-4-carboxvlic acid esters thus prepared 50
are then halogenated to provide the
7-acylamido-3-halo-3-cephem-4-carboxyiic     50 acid ester.  
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10 The compounds represented by the formula I wherein X is chloro or bromo
can be prepared by reacting a 7-acylamido-3-hydroxy-3-cephem ester or a 3-
hydroxy-3-cephem  nucleus ester in dimethylformamide (DMF) with a reactive
chloro or bromo compound which forms with DMF the chloro or broino di- 5
methyliminium chloride or bromide as represented by the formula
5 [err] wherein X  and X- represent chloro or bromo and chloride or bromide
respectively. The reactive halo iminium halide of the above formula is
formed in situ and is a highly reactive chlorinating or brominating
intermediate. Chloro and 10      bromo compounds which form the above
iminium halide include the commonly          10 used chlorinating agents
such as phosgene (carbonyl chloride), oxalyl chloride, thionyl chloride,
and the phosphorus chlorides, for example, phosphorus tri- chloride and
phosphorus oxychloride (phosphoryl chloride). Brominating reagents which
can be employed in the present invention include carbonyl dibromide, 15
oxalyl bromide, thionyl bromide (sulfurous oxybromide), and the phosphorus
15 bromides, phosphorus oxybromide, and phosphorus tribromide. Phosphorus
pentachloride can be employed in the preparation of the 3-chloro-3-cephem
compounds of the invention, however this reagent concurrently reacts with
the 7- acylamido side chain of the starting material to form the imino
chloride, the 20      reactive intermediate in the well known cephalosporin
side chain cleavage         20 reaction. Accordingly, it is preferable to
use one of the other named chlorinating agents. The chlorination and
bromination can be carried out by adding the halo- genating reagent to a
solution of the 3-hydroxy-3-cephem ester in dry DMF at a 25
temperature of about 5 to [err]. and allowing the reaction mixture to stand
at   25 room temperature for between 4 and 8 hours or longer. The reaction
is initially exothermic and accordingly the reaction vessel is initially
cooled in an ice-water bath and then maintained at about [err]. during the
remainder of the reaction. The DMF is preferably dried prior to use over a
molecular sieve. Although the reaction 30      can be carried out in DMF as
the solvent, a cosolvent may also be employed along  30 with the DMF. For
example, a cosolvent such as tetrahydrofuran, dioxan, methylene chloride,
dimethylacetamide or dimethylsulfoxide can be used along with DMF. Other
solvents capable of forming the iminium halide can also be used in
conjunction with or instead of DMF. 35          The 3-chloro or
3-bromo-3-cephem esters are recovered from the reaction      35 product
mixture by pouring the mixture into a water-ethyl acetate mixture and
separating the organic phase containing the product. The organic phase is
washed, dried and is then evaporated to provide the 3-halo-3-cephem ester
as an amorphous residue. The product is obtained crystalline in many
instance by 40      trituration of the residue with ether or with n-hexane.
40 The compounds represented by the formula I wherein X is fluoro and R, is
other than hydrogen can be prepared from the alkyl sulfonate or
arylsullonate esters of the 3-hydroxy-3-cephem esters by the following
generalized reaction scheme: [err] wherein NI is potassium, sodium or
silver, [err] is an acyl group and Z is [err] alkyl or an optionally
substituted phenyl group.    11
1,461,323                                     11 Crown ethers are described
in Terrahedron Letters. 18, 1 793--6 (1972). The reaction can be carried
out in an inert solvent, specifically a nitrite or a nitroalkane.
preferably acetonitrile, propronitrile, nitromethane, or nitroethane, 



under substantially anhydrous conditions at a temperature of from about
[err] 5     to about room temperature and preferably at about room
temperature. The 3-         5 sulfonate ester cephalosporin present in the
selected solvent is mixed with a maximum of one equivalent of the fluoride
source based on the sulfonate ester and at least an equivalent amount of
crown ether based upon the fluoride which is present. The reaction is
completed generally within a period of from 30 minutes to l0     3 hours,
with time generally being dependent upon the temperature of reaction.
10 Typical crown ethers include l8-crown-6-ether as well as corresponding
sub- stituted 18-crown-6-ether, such as dicyclohexyl-18-crown-6-ether.
Preferably, the fluoride source is an inorganic fluoride salt, M+F-
hereinabove being, for example, sodium fluoride, or silver fluoride. I5
The product which is obtained from the reaction will correspond
structurally   15 in every respect to the sulfonate ester starting material
with the exception that the group [err]  will have been displaced by a
fluorine atom. It has been discovered that the initial 3-sulfonate ester
cephalosporin reactant can be either a [err]-cephalosporin, a [err]
cephalosporin, or a mixture of the two. The 20      active reactant is the
[err]-cephalosporin. However, it has been discovered that,    20 under the
conditions of reaction, any [err]-cephalosporin which may be present is
isomerized to the [err]-cephalosporin, and thus the active reactant is
formed in situ if not present initially in the reaction mixture. Isolation
of the resulting product can be accomplished employing generally 25
recognized techniques. Preferably, the product is isolated by means of
preparative  25 thin layer chromatography employing customary procedures.
The preparation of the alkylsulfonate and arylsulfonate esters of the 3-
hydroxy-3-cephem esters is illustrated in the following generalized
reaction scheme. In the above formula, the terms R, and R, have the same
meanings as previously defined and Z is [err] alkyl, such as methyl, ethyl,
propyl, n-butyl or n-hexyl, or Z is a phcnyl group or a substituted phenyl
group such as methyl- phenyl, nitrophenyl, or halophenyl. Representatives
of the sulfonyl halides which 35      can be employed in the preparation of
these sulfonate esters are methanesulfonyl  35 chloride, toluenesulfonyl
chloride, p-fluorobenzene sulfonyl chloride. ethane- sulfonyl chloride, or
butanesulfonyl chloride. The reaction can be carried out in an inert
solvent at a temperature between about -5 and [err]., and preferably
between about 15 and [err]. Inert solvents 40     which can be employed in
the sulfonation reaction are generally aprotic solvents,  40 and those
solvents which are unreactive with the sulfonyl halide. Solvents which can
be employed include the ether solvents such as tetrahydrofuran and dioxan.
A preferred solvent for the sulfonation reaction is dimethylacetamide. The
reaction is carried out in the presence of a hydrogen halide acceptor. and
the commonly 45      employed tertiary amines such as pyridine and
triethylanline can be used.         45 45          employd  tertiary amines
such as pyridine and triethyleamine can be used, however, the preferred
hydrogen halide acceptor in this process is propylene oxide. Other alkylene
oxides can be employed, however, propylene oxide is much preferred. The
tertiary amine hydrogen halide acceptors are less desirable than the
alkylene oxides in that the double bond in the delta 3 position of the
cephem ring is 50      susceptible to isomerization to the delta 2 position
in the presence of these amines.  50 However, should isomerization to the
delta 2 isomer occur during sulfonate ester formation, the double bond can
be isornerized back to the delta 3 position in the following manner. The
delta 2 isomer of the sulfonate ester is first oxidized  with a peracid,
such as m-chloroperbenzoic acid or peracetic acid to the sulfoxide.    12
1,461.323                                      12 During sulfoxide
formation the double bond shifts from the delta 2 to the delta 3 position
and thereafter the sulfoxide is reduced, for example, with phosphorus tri- 



chloride, according to the well known method to provide the 3-cephem
sulfonate ester. 5            A preferred sulfonatc ester for the
conversion of the 3-hydroxy-3-cephem-4-   5 carboxylic acid esters to the
corresponding 3-fluoro-3-cephem compounds is the methylsulfonate ester
(mesylate). Another preferred ester is that formed with p- toluenesulfonyl
chloride (tosylate ester). A preferred [err] carboxylic acid protect- ing
ester group in the above described process is the p-nitrobenzyl ester. 10
Alternatively, the fluorination of a 3-hydroxy-3-cephem ester is carried
out by  10 reacting a 7-acylamido-3-hydroxy-3-cephem ester in an inert
solvent with the fluorinated tertiary amine,
N-(2-chloro-1,1,2-trifluoroethyl)di-etthylamine. The fluorinated tertiary
amine can be prepared by reacting diethylamine with chloro-
trifluoroethylene as described in J. Org. Chem. 29, 2187 (1964);
Tetrahedron Lett. 15       23, 1065 (1962) and Tetrahedron Lett. 26, 1249
(1962). An equivalent amount of the  15 fluorinated tertiary amine is
employed in an inert solvent, for example methylene chloride, chloroform,
tetrahydrofuran, or any unreactive solvent in which the starting material
and fluorinating reagent are substantially soluble. The reaction mixture
containing the 3-hydroxy ester and the fluorinating reagent is heated in 20
the inert solvent at a temperature between about 30 and about [err]. for
about 1    20 hour. The fluoro cephem ester is recovered by following
recovery procedures analogous to those described for the recovery of the
3-chloro and 3-bromo compounds. Following the preparation of the
7-acylamido-3-halo-3-cephern-4-carboxylic 25       acid esters as described
above the respective 7-amino-3-halo-3-ccphem-4-car-      25 boxylic acid
esters are obtained by carrying out the well-known N-deacylation of the
7-acylamido side chain. For example the 7-acylamido-3-halo cephalosporin
ester is reacted with phosphorus pentachloride in methylene chloride in the
presence of pyridine to form the intermediate imino chloride. The imino
chloride 30  is then reacted with an alcoholic solvent such as methanol or
isobutanol to provide  30 the corresponding imino ether. The imino ether is
then hydrolyzed to provide the 7-amino-3-halo-3-cephem-4-carboxylic acid
ester as a hydrochloride salt. As previously mentioned the 7-amino-3-halo
starting material can be acylated either as the free acid or as an ester
thereof. The acvlation of the 7-amino-3-halo 35       nucleus is carried
out as previously described.                                   35 In a
specific embodiment of the preparation of starting materials and the
compounds of the invention, 7-phenoxyacetamidocephalosporanic acid is
reacted with thio-urea to provide the isothiouronium  salt by the
displacement of the acetoxy group in the 3-position of the cephalosporanic
acid dihydrothiazine ring. 40       The isothiouronium salt is then reacted
with zinc and excess 90% formic acid in the  40 presence of
dimethylformamide at a temperature of about [err] to provide the 7-
phenoxyacetamido-3-exomethylenecepham-4-carboxylic  acid. The  3-exo-
methylenecepham carboxylic acid is esterified with p-nitrobenzyl bromide in
the presence of a hydrogen halide acceptor to provide the
3-exomethylenecepham-4- 45       carboxylic acid p-nitrobenzyl ester. The
3-exomethylenecepham ester is then ozonized in methylene chloride at a
temperature of about --70 and the ozonolysis mixture is treated with sulfur
dioxide to decompose the intermediate ozonide to yield p-nitrobenzyl
7-phenoxyacetamido-3-hydroxy-3-cephem-4-carboxylate. The 3-hydroxy ester is
then reacted with phosphorus trichloride in dry DMF to provide 50
p-nitrobenzyl  7-phenoxvacetamido-3-chloro-3-cephem-4-carboxylate.  The  3-
50 chloro ester is then reacted in methylene chloride with phosphorus
pentachloride in the presence of pyridine to provide, in situ, the imino
chloride intermediate, which is then reacted with methanol to provide the
corresponding imino ether intermediate. Upon addition of water to the
reaction mixture the imino ether 55       decomposes to provide the
p-nitrobenzyl 7-amino-3-chloro-3-cepheim-4-car-    55 boxylate. The
7-amino-3-chloro-3-cephem- 4-carboxylic acid ester can then be acylated. as
previously described herein, with D-phenylglycyl chloride hydro- chloride
or with an amino-protected D-phcnylglycine derivative to provide the 7-
(D-phenylglycylamido)-3-chloro-3-cephem-4-carhoxy lic acid p-nitrobenzyl
ester or 



60       an N-protected derivative thereof. After removal of the -amino
protecting group  60 and the [err] carboxyl ester group,
7-(D-phenylglycylamido)-3-chloro-3-cephem-4- carboxylic acid is obtained.
It will be recognized from the foregoing description of the preparation of
the starting materials that a wide variety of known  7-acyl-
amidocephalosporanic acids can be employed in the preparation of the
7-amino-3- 65       halo-3-cephem-4-carboxylic acids described herein.
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13 A preferred group of compounds of this invention are those represented
by the formula I wherein X represents fluoro or chloro, [err] being
hydrogen, and R being phenyl and the pharmaceutically acceptable. non-toxic
salts thereof. For example
7-(D-a-phenylglycylamido)-3-chloro-3-cephem-4-carboxylic acid and 7-
(D-a-phenylglycylamido)-3-fluoro-3-cephem-4-carboxylic acid are preferred
corn-  5 pounds. A further preferred group of compounds of the present
invention are those represented by the formula I wherein R is
hydroxyphenyl, R, is hydrogen and X is fluoro or chloro and the
pharamaceutically acceptable, non-toxic salts thereof. 10      Illustrative
of this preferred group of compounds are                             10 7 -
(D - a - 4 - hydroxyphenylglycylamido) - 3 - chloro - 3 - cephem - 4-
carboxylic acid, 7 - (D - a - 4 - hydroxyphenylglycylamido) - 3 - fluoro -
3 - cephem - 4- carboxylic acid, and 15           7 - (D - a - 3 -
hydroxyphenylglycylamido) - 3 - chloro - 3 - cephem - 4-    15 carboxylic
acid. An especially preferred antibiotic of this invention is 7 - (D - a -
phenyl- glycylamido) - 3 - chloro - 3 - cephem - 4 - carboxylic acid. The
following examples are provided to further illustrate the present 20
invention and are not intended to be limiting thereof.
20 Example 1. p-Nitrobenzyl 7-amino-3-methylenecepham-4-carboxylate
hydrochloride. To a solution of 965 mg. (2 mmole) of p-nitrobenzyl
7-phenoxyacetamido-3- methylenecepham-4-carboxylate in 10 ml. of methylene
chloride were added 175 25      mg of dry pyridine and 460 mg. of
phosphorus pentachloride and the mixture was   25 stirred at room
temperature for 6 hours. One ml. of isobutanol was added to the mixture
which was then stored at [err]. overnight. The reaction product, p-nitro-
benzyl 7-amino-3-methylenecepham-4-carboxylate hydrochloride, which formed
as a crystalline precipitate was filtered to yield 430 mg. (58%, yield). 30
Elemental Analysis for [err]                                             30
Theory: C, 46.69; H, 4.18; N, 10.89 Found:  C, 46.40; H, 4.20; N, 10.62 35
I.R. (Nujol Mull) Carbonyl absorption at 5.65 [err] and 5.75 (ester)
microns. 35      N.M.R. (DMSO [err]) signals at 6.34 (2d, 2H, [err]), 4.98
(d, IH, C,-H); 4.7-4.4  35 (m, 6H, [err], ester [err]); and 2.4--1.6 (m,
4H, aromatic H) tau. Example 2. p-Nitrobenzyl
7-amino-3-hydroxy-3-cephem-4-carboxylate hydrochloride 40          A
solution of 4 g. of p-nitrobenzyl 7-amino-3-methylenecepham-4-car-
40 boxylate hydrochloride in 620 ml. of methanol was cooled in a dry
ice-acetone bath and ozone was bubbled through the cold solution for about
20 minutes. The reaction mixture was purged of the remaining ozone by
passing nitrogen through the solution and 10 g. of sodium bisulfite were
added. 45          The reaction mixture was stirred for one hour at
ice-bath temperature at     45 which time the mixture gave a negative
potassium iodide starch test. The mixture was evaporated in vacuo to yield
the reaction product as 



an amorphous yellow residue. The residue was crystallized in acetone to
yield 3.4 g. of p-nitrobenzyl 7-amino-3-hydroxy-3-cephem-4-carboxylate
hydrochloride 50      as a crystalline acetone solvate.
50 I.R. (Nujol Mull): Carbonyl absorption bands at 5.60 [err] and 6.04
(ester carbonyl hydrogen bonded to 3 hydroxy) microns. N.M.R. (DMISO
[err]): 55          signals at 7.92 (s, 3H, 1/2 mole acetone), 6.22 (2d.
2H. [err]), 5.07 (d,    55 IH, [err], 4.8--4.5 (m, 3H, ester C-12 and
[err]), 2.4--1.6 (m, 4H, aromatic H) tau. Example 3. p-Methoxybcnzyl
7-phenoxyacetamido-3-hydroxy-3-cephem-4-carboxylate. A solution of 2.5 g.
of p-methoxybenzyl 7-phenoxy-acetarmido-3-methylene-  60
cepham-4-carboxylate in 350 ml. of ethyl acetate was cooled in an
acetone-dry ice    14                                        1,461,323
14 bath. Ozone was bubbled through the cold solution for 8 minutes and then
oxygen was passed through the ozonized reaction  mixture to expel excess
ozone. The intermediate ozonide was deccrmposed by adding to the reaction
mixture 25 g. of sodium  bisulfite with stirring at a temperature of about
5       0C. The reaction solution was decanted and was washed successively
with              5 water, 5" , hydrochloric acid and a saturated solution
of sodium  chloride. The washed  mixture was dried and evaporated to yield
the reaction product, p-methoxybenzyl
7-phenoxyactamido-3-hydroxy-3-cephem-4-carboxylate  as an amorphous solid.
10       N.M.R. [err]: signals at
10 6.73 (s, 2H, [err]), 6.23 (s, 3H, p-methoxy), 5.53 (s, 2H, side-chain
[err]), 5.03 (d, IH, [err]), 15           4.87 (s, 2H, ester [err]),
15 4.47 (q, IH, CH), 3.40-2.50 (m, 9H, aromatic H), 2.33 (d, IH, amide NH),
and 1.53 (broad s, 1H, 3 OH) tau. 20
Example 4.                                         20 p-Nitrobenzyl
7-12-(2-thienyl)acetamidol-3-hydroxy-3-cephem-4-carboxylate To a solution
of 1.55 g. of p-nitrobenzyl 7-amino-3-hivdroxv-3-cephiem-4-car- boxylate
hydrochloride in 30 ml. of acetone containing 364 mg. (0.5 ml., 3.6 mmole)
of triethylamine was added 962 mg. of urea. With stirring at room 25
temperature, a solution of 730 mg. (4.4 mmole) of 2-thiophene acetyl
chloride in 20   25 ml. of acetone was added dropwise to the mixture. After
2.5 hours the reaction mixture was filtered and evaporated. The residue was
dissolved in ethyl acetate and the solution was washed successively with
water, a 5%, solution of sodium bi- carbonate, 5% hydrochloric acid, and a
saturated solution of sodium chloride. The 30       washed solution was
dried and then was concentrated by evaporation in vacuo to       30 yield
1.2 g. of the reaction product as a crystalline residue. The product was
recrystallized  from   ethyl  acetate  to  yield  pure  p-nitrobenzyl
7-12-(2- thienyl)acetamidol-3-hydroxy-3-cephem-4-carboxylate  having  the
following spectral properties. 35      I.R. (Nujol Mull): absoprtion peaks
at 3.0 (amide NH), 5.68 (,3-lactam carbonyl).     35 and 6.1 (amide, and
ester hydrogen bonded to 3 0H) microns. N.M.R. [err]: signals at 6.54 (2d,
2H. [err]), 6.16 (s. 2K. side-chain [err]), 4.90 [err] 4.60 (d, 2H. ester
[err]), 4.43 (q, 1H, [err]), 3.1-1.6 (m, 7H, aromatic H) and 1.30 (d, 1H,
amide NH) tau. 



40                                         Example 5.
40 p-Nitrobenzyl 7-acetamido-3-hydroxy-3-cephem-4-carboxylate A solution of
10 mmole of p-nitrobenzyl 7-amino-3-hydroxy-3-cephem-4-car- boxylate
hydrochloride in a mixture of 325 ml. of acetone and 125 ml. of water was
cooled in an ice-water bath. With stirring a stream of ketene gas was
bubbled 45       through  the solution  for 30 minutes. Thereafter the
reaction mixture was         45 evaporated to remove acetone and the
aqueous residue was slurried with ethyl acetate. The ethyl acetate layer
was separated and was washed with 5%, hydro- chloric acid and a saturated
solution of sodium chloride. The washed extract was dried and evaporated in
vacuo to yield the reaction product as a crystalline 50       residue. The
residue was triturated with dicthyl ether and vacuum dried to yield 3.55 g.
of p-nitrobenzyl 7-acetamido-3-hydroxy-3-cephem-4-carboxylate melting at
about [err] with decomposition. Elemental analysis for: [err]: Theory: C,
48.85: H,. 3.84: N. 10.68 55          Found:  C, 48.97:  II. 3.96:  N.
10.42.                                            55 I.R. [err]: absorption
bands at 2.9 and 3.0 (amide NH  and OH). 5.63 ([err]-lactam  carbonyvl) and
5.95 (broad, amide, and ester carbonyl hydrogen bonded to 3 OH) microns.
15                                        1,461,323
15 N.M.R. [err]: signals at 7.90 (s, 3H, 7-acetamido [err]  6.55 (s, 2H,
[err]), 4.92 (d, IH, [err]), 4.63 (m, 2H, ester [err]), 4.30 (q, 1H, C,H),
2.81 (d, 1H. amide NH), 2.5-1.8 (m, 4H, aromatic H), and 2.8 (s, IH, [err]
OH) tau. Electrometric titration (66% aqueous DMF) 5            pKa 5.9
5 Example 6. Diphenylmethyl
7-12-(2-thienyl)acetamidol-3-chloro-3-cephem-4-carboxylate a) To a solution
of 34 g. (100 mmole) of 7-12-(2-thienl)acetamido-3-
methylenecepham-4-carboxylic acid in 500 ml. of methylene chloride was
added 10       21.4 g. (110 mmole) of diphenyl diazomethane and the
resulting mixture was            10 stirred for 2 hours at room
temperature. The solvent was evaporated under reduced pressure and the
residue was dissolved in ethyl acetate. The ethyl acetate solution was
washed with a 5% solution of sodium bicarbonate, then with water and dried
over magnesium sulfate. The dried solution was concentrated to a small 15
volume. On  standing 40 g. of diphenylmethyl 7-12-(2-thienyl)acetamidol-3-
15 methylenecepham-4-carboxylate melting at about 132-133C. precipitated as
a crystalline solid. IR (chloroform): absorption peaks at 2.9 (amide N-H),
5.65, 5.75 and 5.93 [err], ester and amide carbonyls respectively) and 6.62
(amide 11) 20           microns
20 NMR [err]: signals at 6.72 (ABq, 2H, [err]), 6.21 (s, 2H, [err]),
4.83-4.65 (m, 4H, [err] [err] and [err]), 4.39 (q, I H, [err]), 3.4--2.65
(m, 15H, [err], ester CH and aromatic H) tau. b) To the solution of 8.1 g
(16 mmole) of the above ester in 80 ml. of 25        methylene chloride
were added 1.57 g. (1.6 ml. 19.6 mmole) of dry pyridine and 3.8   25 g.
(18.1 mmole) of phosphorous pentachloride. The reaction mixture was stirred
for 2 hours at room temperature and was thereafter cooled in an ice-water
bath. The cold mixture was treated with 8 ml. of isobutanol with stirring.
Stirring was continued for 2 hours during which time 3 g. of diphenylmethyl
7-amino-3- 30        methylenecepham-4-carboxylate  hydrochloride  formed
as a crystalline pre-         30 cipitate. The product was filtered and
washed with methylene chloride and vacuum dried. Elemental analysis
(percent) for [err]: Theory:  C, 60.50:  H, 5.08;  [err], 6.72:  Cl, 8.50: 



35            Found:  C, 60.70:  H, 5.02; N. 6.71;  Cl, 8.80.
35 NMR (DMISO [err]): signals at 6.45 (ABq. 2H, [err]), 5.00 (d. IH,
[err]), 4.68 (d. 1H, C-H), 4.60(s, 2H, [err]),4.44(s, IH. [err]), 3.10(s,
IH, esterCH), and 2.61 (s, 10H, aromatic H) tau. c) The
7-amino-3-exomethylenecepham ester hyrochloride salt product, 2.1 g. 40
(5 mmole) was dissolved in 200 ml. of methanol and the solution was cooled
in an     40 acetone-dry ice bath. Ozone was bubbled into the cold solution
for 7 minutes to form the intermediate ozonide. The ozonide was decomposed
by passing a stream of sulfur dioxide gas through the reaction mixture for
2 minutes. Thereafter the reaction mixture was evaporated and the residue
was triturated with diethyl ether 45       to yield  1.6 g. of
diphenylmethyl 7-amino-3-hydroxy-3-cephem-4-carboxylate          45
hydrochloride as a crystalline solid. NMR ([err]): signals at 6.4 (AlBq,
2H, [err]). 5.0-4.5 (m, 2H, [err]  and [err]), 3.2-2.4 (m, 11H, ester CH
and aromatic H) tau. 1R (chloroform): carbonyl absorption peaks at 5.57 and
5.70 ([err]-lactam  and 50            ester carbonyl respectively) microns.
50 UV (pH7 buffer): .1 max 275 [err]. [err]= 7550. Electrometric titration
([err] aq. DMF): titratable groups at 4.5 and 6.5. d) To a solution of 840
mg. of diphenylmethyl 7-amino-3-hydroxy-3-cenhem 4-carboxylate in 10 ml. of
water and 10 ml. of acetone was added one gram of 55       sodiuim
bisulfite. The mixture was stirred and 800 mg. of thiophene-2-acetyl
55 chloride in 10 ml. of acetone were added dropwise. The mixture was
stirred for 4.5 hours at room temperature and was then evaporated under
reduced pressure. The residue was dissolved in a mixture of ethyl acetate
and an aqueous [err], solution of    16
1,461,323                                       16 sodium bicarbonate. The
ethyl acetate layer was separated, washed with water and dried. The dried
solution was evaporated and the residue triturated with ether to  yield
500 mg. of diphenylmethyl  7-12-(2-thienyl)acetamidol-3-hydroxy-3-
cephem-4-carboxylate. 5      NMR ([err]): signals at 6.79 (s, 2H, [err]),
6.16 (s, 2H, [err]), 5.0 (d.            5 1H, [err]), 4.32 (q, lH, [err]),
3.05-2.46 (m, 15H, C,-NH, ester CH and aromatic H) tau. I.R. (chloroform):
absorption peaks at 2.9 (amide NH), 5.6, 5.73 and 5.95 ([err]-lactam, ester
and amide carbonyls respectively) and 6.65 (amide 11) 10          microns.
10 e) To a solution of 4.2 g. of diphenylmethyl
7-[2-(2-thienyl)acetamidol-3- hydroxy-3-cephem-4-carboxylate in 44 ml. of
dry dimethylformamide was added 865 mg. of phosphorus trichloride. The
mixture was stirred for 1.5 hours at room temperature and was poured into
an ethyl acetate [err], aqueous hydrochloric acid 15      mixture. The
ethyl acetate layer was evaporated, was washed with [err] hydro-
15 chloric acid, water and was dried. The dried solution was concentrated
in vacuo and the product crystallized. The 3-chloro ester was filtered,
washed with cold ethyl acetate and dried to yield 2.2 g. Elemental analysis
(percent) for [err]: 20          Theory:  C, 59.48;  H, 4.03; N, 5.34; Cl,
6.75                                   20 Found:  C, 59.77;  H, 4.25; N,
5.40; Cl, 6.91. NMR ([err]): signals at 6.49 (ABq, 2H, [err]), 6.22 (s, 2H,
[err]), 5.08 (d, IH. [err]), 4.19 (q, IH, [err]), 3.13-2.5  (m, 15H, [err],
ester CH, and aromatic H) tau. 25       I.R. ([err]): absorption  peaks at
2.9 (amide NH), 5.55, 5.72 and 5.90              25 ([err]-lactam, ester
and amide carbonyls) and 6.60 (amide 11) microns. U.V. (dioxan): [err] max
275 m[err], [err]=8700. Example 7. p-Nitrobenzyl 7 -
[2-(2-thienyl)acetamido]-3-chloro-3-cephem-4-carboxylate. (via 



30          thionyl chloride)
30 To a solution of 1.9 g. (4 mmole) of p-nitrobenzyl
7-[2-(2-thienyl)acetamido]- 3-hydroxy-3-cephem-4-carboxylate in 10 ml. of
DMF (dried over a molecular sieve) was added 950 mg. (0.58 ml., 8 mmole) of
freshly distilled thionyl chloride. The mixture was stirred at room
temperature for 6.5 hours and was then poured 35      into 100 ml. of ethyl
acetate. The mixture was extracted three times with 30 ml.     35 portions
of 50% hydrochloric acid and with a saturated solution of sodium chloride.
The washed ethyl acetate solution was filtered and evaporated to dryness in
vacuo. The residue was triturated with ether to yield 1.2 g. of
p-nitrobenzyl 7-12-(2- thienyl)acetamido]-3-chiloro-3-cephem-4-carboxylate
as a brown crystalline solid 40      melting at 164-[err].
40 Elemental analysis (percent) for [err]: Theory: C, 48.63: H, 3.27; N.
8.51; Cl, 7.18 Found:  C, 48.47;  H, 3.29; N, 8.78: Cl. 6.96 IR
(Chloroform) showed absorption bands at 2.9 (amide NH). 5.59 ([err]-lactam
45           carbonyl), 5.75 (ester carbonyl) and 5.92 microns (amide
carbonyl).             45 UV absorption spectrum (acetonitrile) showed
maxima at [err] max 235 m[err], [err] = 12,100 and  [err] max 268 m[err].
[err] = 15.800. The mass spectrum of the product showed a molecular ion of
493 m/e. 50       NMR ([err]) showed signals at 6.39 (ABq. 2H. [err]), 6.17
(s, 2H, [err]).  50 4.99 (d, 1H, [err]), 4.64 (s, 2H, ester [err]). 4.19
(q. 1H. [err]), 3.45 (d, 1H, [err]), 3.1-1.67 (m, 7H, aromatic H) tau.
Example 8. p-Nitrobenzyl 7 - [2-(2-Thieny
l)acetarnido]-3-chloro-3-cephem-4-carboxy late (via phosporus trichloride)
55 To a cooled solution of 439 mg. (0.93 mmole) of p-nitrobenzyl
7-12-(2-thienyl)- acetamido]-3-hydroxy-3-cephem-4-carboxylate in 4.4 ml. of
DMF was slowly added 85 mg. (0.05 ml., 0.63 mmole) of phosphorus
trichloride. The reaction mixture was allowed to stand for 4 hours at room
temperature and thereafter    17
1,461,323 the reaction product mixture was worked-up by following the
recovery pro- cedures described in Example 6 to provide 374 mg. of
p-nitrObenzyl 7-12-(2-thienyl)- acetamido]-3-chloro-3-cephem-4-carboxylate.
The NMR spectrum of the product was consistent with the expected product
and with that of the product of 5       Example 7. Example 9.
7-Phenoxvacetamido-3-chloro-3-cephem-4-carboxylic acid Following the
chlorination procedure of Example 6 p-nitrobenzyl 7-phenoxy- acetamido - 3
- chloro - 3 - cephem - 4 - carboxylate was prepared with phosphorus 10
trichloride. The p-nitro-benzyl ester group was removed by hydrogenolysis
10 with hydrogen and [err] Pd/C  to provide the 3-chlorocephalosporanic
acid antibiotic compound. Example 10. p-Nitrobenzyl 7 - 12 -
(2-thienyl)acetamido]-3-chloro-3-cephem-4-carboxylate (via 15
Oxalyl chloride)
15 To a solution of 439 mg. (0.93 mmole) of p-nitro-benzyl
7-12-(2-thienyl)- acetamido]-3-hydroxy-3-cephem-4-carboxylate in 4.4 ml. of
DMF cooled in an ice bath was added dropwise 118 mg. (0.07 ml., 0.93 mmole)
of oxalyl chloride. The reaction mixture was allowed to stand for 4 hours
at room temperature 20      and was then poured into a mixture of aqueous
5% hydrochloric acid and ethyl      20 acetate. The organic layer was
separated and was washed sequentially with 5% hydrochloric acid, water and
a saturated solution of sodium chloride. The washed layer was dried and
evaporated to dryness to yield the reaction 



product, p-nitrobenzyl 7 - [2 - (2 -
thienyl)acetamido]-3-chloro-3-cephem-4- 25       carboxylate as an
amorphous solid. The product was obtained crystalline           25 by
triturating the amorphous residue with ether. Yield 360 mg. The infrared
spectrum  and NMR  spectrum  of the crystalline product were consistent
with the spectra of authentic material. Example II 30
7-12-(2-Thienyl)acetamido]-3-bromo-3-cephem-4-carboxylic acid
30 To a solution  of 19 g (40 mmole) of p-nitrobenzyl 7-12-(2-thienyl)-
acetamidol-3-hydroxy-3-cephem-4-carboxylate in 300 ml of dry DMF was added
15 g (56 mmole) of phosphorus tribromide and the reaction mixture was
stirred at room  temperature overnight. The reaction mixture was poured
into a 35       mixture of ethyl acetate and water and the organic phase
was separated and        35 washed repeatedly with water and dried over
magnesium  sulfate. The dryed organic phase was evaporated in vacuo to
dryness. The crude reaction product residue weighing about 9 g. was
purified by chromatography over 5(X) g of silica gel using ethyl
acetate-hexane (55:45 v:v) as eluent. The eluate was evaporated  to 40
dryness under reduced pressure and the product, p-nitrobenzyl
7-[2-(2-thienyl)-   40 acetamido]-3-bromo-3-cephem-4-carboxylate  was
obtained crystalline by tri- turating the dry residue with diethyl ether.
U.V. (ethanol) [err] max. 270 m[err] ([err]=13,300) and   [err] max. 243 mu
([err]=12 7(X)) 45      Elemental analysis calculated for [err]:
45 Theory:  C, 44.61; H, 3.00; N, 7.81, Br, 14.84. Found:  C. 44.78; H.
3.03: N. 7.65:  Br. 14.91. Nuclear magnetic resonance spectrum ([err])
showed signals at 6.21 (s 2H [err]), 5.98 (ABq 2H [err]), 4.72(d,[err]-H).
451 (s,2H. ester-[err]). 50          420(q, 1H, [err]). 3.04-l.74(m. 7H:
aromatic H) and 0.66 (d, 1H. [err])       50 tau. The above 3-bromo ester
was de-esterified in the following manner. The ester. 545 mg (1.0 mmole)
was hydrogenated at room temperature in ethanol in the presence of
pre-reduced 5 percent palladium-on-carbon catalyst. The catalyst 55
was filtered and the filtrate evaporated under reduced pressure to dryness.
55 The residual product was triturated with diethyl ether to yield 180 mg
(44 percent) of crystalline product,
7-12-(2-thienyl)acetamidol-3-bromo-3-cephem-4- carboxylic acid.
Electrometric titration (66 percent aqueous DMF) showed a pKa of 4.4 and an
apparent molecular weight of 393.
60    18                                      1,461,323 The calculated
molecular weight = 403. Elemental analysis calculated for [err] + diethyl
etherate: Theory:  C, 40.91;  H, 3.66: N. 6.36:  Br, 18.15. Found:  C.
41.29;  H, 3.20; N, 6.29. Br, 18.50. 5       Nuclear magnetic resonance
spectrum ([err]) showed signals at 8.8 (t, diethyl         5 ether-[err]),
6.68--5.86  (m. [err] [err]  and  diethyl  ether-[err]) 4.90(d, 1H, [err]),
3.0-2.63 (m, 3H, aromatic-H), and 1.9(d. 1H, amide NH) tau. Example 12. 10
7-12-(2-Thienyl)acetamidol-3-fluoro-3-cephem-4-carboxylic acid
10 To a solution of 325 mg. (0.7 mmole) of p-nitrobenzyl 7-[2-(2-thienyl)-
5 acetamidol-3-hydroxy-3-cephem-4-carboxylate in 10 ml. of methylene
chloride was slowly added an equivalent amount of
N-(2-chloro-1,1,2-trifluoroethyl) diethylamine. The reaction mixture was
heated for 30 minutes under gentle 15       reflux and was then evaporated
to dryness in vacuo. The residue was dissolved        15 in a mixture of
ethyl acetate-water and the organic layer was separated. The
10 



organic layer was washed with 5% hydrochloric acid, water and brine and was
then dried. The dried reaction product solution was concentrated to a small
volume and n-hexane was added to precipitate, p-nitrobenzyl
(7-12-(2-thienyl)- 20       acetamidol-3-fluoro-3-cephem-4-carboxylate.
20 The ester group was removed by catalytic hydrogenolysis to yield the
3-fluoro ccphalosporin free acid antibiotic. Example 13. a) p - Nitrobenzyl
7 - 12 - (2- thienyl)acetamidol - 3 - methylsulfonyloxy - 3- 25
cephem-4-carboxylate.
25 To a solution of 4.75 g. (10 mmole) of p-nitrobenzyl 7-12-(2-thienyl)-
acetamidol-3-hydroxy-3-cephem-4-carboxylate in 50 ml. of dry
dimethylacetamide            20 were  added  2 ml. of propylene  oxide. To
the  solution  was added  with stirring one equivalent of methanesulfonyl
chloride and stirring was continued 30       for 3  hours. The  reaction
mixture  was then  taken  up  in  ethyl acetate         30 and the solution
was washed with a saturated solution of sodium  chloride. The washed
organic phase was evaporated  in vacuo to  dryness to  obtain
25 the  reaction  product mixture  as a residue. The  reaction  product was
purified by preparative thin layer chromatography on silica gel using for
elution 659- ethyl acetate/hexane.
35 The purified title compound gave the following percent elemental
composition on microanalysis.
30 Calculated for [err] Theory:  C, 45.56:  H, 3.46; N. 7.59;  S, 17.38. 40
Found:  C, 45.74;  H, 3.56;  N, 7.30;  S, 17.06.
40 35 The nuclear magnetic resonance spectrum  and the infrared absorption
spectrum were in agreement with the structure of the product formed. b)
p-Nitro 7-[2-(2-thienyl)acctamido]-3-fluoro-3-cephem-4-carboxylate To 93
mg. of dicyclohexyl-18-crown-6-ether in 15 ml. of acetonitrile dried 45
over molecules sieves were added 25 mg. of potassium fluoride which had
been        45 dried in vacuo at 90C. The mixture was stirred for ten
minutes, and 138 mg. of       40 p - nitrobenzyl 7 - [2 - (2 -
thienyl)acetamido]-3-methysulfonyloxy-3-cephem-4- carboxylate in 4 nil. of
acetonitrile were then added. The mixture was stirred lor 1 hour. The
mixture was acidified by addition of dilute (5%) HCI, and the so
resulting acidilfied mixture was extraicted with ethyl acetate. Pure
product       50 was obtained from  the ethyl acetate extract by
preparative thin layer chromai-        45 tography on silica gel using
ethyi acetate: benzene (1:1). Ten mg. of p-nitro- benzyl
7-[2-(2-thienyl)-acetamido]-3-fluoro-3-cephem-4-carboxylate were obtained
I.R.: absorption peaks at 1792. 1740. and 1685 cm[err] 55       NMR ([err])
showed signals at 6.15 (s, 2H. [err]). 4.97 (d, 1H. J  4H           55
[err]), 4.20 (q. 1H, [err]). 3.52 (d, 1H, [err]), 2.32-1.7 (m, 2H. [err]
tau. Fluorine NMR -  (d. J = 10Hz). M.S.: Calculated -  477.0465 60
I-ound- 477.0455    Fragment COOPNB Calculated -- 287.0345 Found -
297.0344 Example 14. 5
7-[2-(2-thienyl)acetamido]-3-fluoro-3-cephem-4-carboxylic acid.           5
To 110 ml. of methanol and 83 mg. of pre-reduced 5 percent palladium on
carbon were added 83 mg. of p-nitrobenzyl
7-12-(2-thienyl)acetamido]-3-fluoro-3- cephem-4-carboxylate. The mixture
was hydrogenated at 53 psig. for one hour. 



The resulting mixture was filtered, and the filtered catalyst was washed
with 10      methanol, and the methanol washings were added to the
filtrate. The filtrate was  10 then evaporated in vacuo. The residue was
dissolved in ethyl acetate, and the ethyl acetate solution was extracted
with dilute aqueous sodium  bicarbonate. The sodium bicarbonate solution
was washed with ethyl acetate, layered with ethyl acetate, and dilute
aqueous HCI was added. The layered ethyl acetate was 15        separated
and  evaporated  to  recover 7-[2-(2-thienyl)acetamido]-3-fluoro-3-    15
cephem-4-carboxylic acid, shown by bioautogram to be biologically active.
Example 15. p-Nitrobenzyl 7-amino-3-chloro-3-cephem-4-carboxylate
hydrochloride 25                 To a solution of 500 mg. of p-nitrobenzyl
7-[2-(2-thienyl)acetamido]-3- 20      chloro-3-cephem-4-carboxylate in 6
ml. of methylene chloride was added 95 mg. of  20 dry pyridine and 237 mg.
of phosphorus pentachloride. The reaction mixture was stirred at room
temperature for 1.5 hours, was thereafter cooled in an ice-water bath to
about [err] and 0.6 ml. of isobutyl alcohol were added. On continued
cooling and stirring the reaction product. p-nitrobenzyl
7-amino-3-chloro-3- 25       cephem-4-carboxylate hydrochloride,
crystallized from the reaction mixture. The   25 product was filtered,
washed with cold methylene chloride and dried to yield 200 mg. of the
crystalline product melting with decomposition at about [err]. Percent
elemental composition for [err]: Theory:  C, 41.39; H, 3.20: N, 10.34: Cl.
17.45 30          Found: C, 41.14:  H, 3.31: N, 10.44: Cl, 17.29.
30 I.R. (nujol mull): showed absorption bands at 5.55 ([err]-lactam
carbonyl) and at 5.78 (ester carbonyl) microns. UV (pH 7 buffer): showed
absorption maximum [err] max 268 m[err] ([err]= 13,800) 35      N.M.R.
([err]): signals at 5.97 (s, 2H, [err]), 4.8-4.5 (m, 4H, [err]  and      35
ester [err]), and 2.35-1.6 (q, 4H, aromatic H) tau. Example 16.
7-Amino-3-chloro-3-cephem-4-carboxylic acid To a solution of 750 mg. (1.85
mmole) of p-nitrobenzyl 7-amino-3-chloro- 40      3-cephem-4-carboxylate
hydrochloride in 20 ml. of tetrahydrofuran and 40 ml.      40 of methanol
was added a suspension of 750 mg. of pre-reduced 5% palladium on carbon
catalyst in 20 ml. of ethanol and the suspension was hydrogenated under 50
psi of hydrogen at room  temperature for 45 minutes. The catalyst was
filtered and washed with THF and water. The filtrate and catalyst washes 45
were combined and evaporated to dryness. The residue was dissolved in a
45 water-ethyl acetate mixture and the pH  adjusted to pH 3. The insoluble
product was filtered and triturated with acetone. The product was then
dried to yield 115 mg. of 7-amino-3-chloro-3-cephem-4-carboxylic acid. IR.
(mull): absorption peaks at 5.61 ([err]-lactam  carbonyl), and 6.2
(carboxylic 50          acid).
50 NMR (D.O-[err]): signals at 6.25 (ABq, 2H, [err]), 4.88 (d, 1H. [err])
and 4.54 (d. 1H, [err]) tau. U.V. (pH 7 buffer): absorption maximum at 60
.1 max 265 m[err]. [err]=7550    20
1,461,323                                       20 Example 17.
Diphenylmethyl 7-amino-3-chloro-3-cephem-4-carboxylate To a solution of 525
mg. of' diphenylmethyl 7-12-(2-thenyl)cetamidol-3-
chloro-3-cephem-4-carboxylate in 20 ml. of methylene chloride was added 0.1
ml. 5   of dry pyridine and 237 mg. of phosphorus pentachloride. The
reaction mixture            5 was stirred for 2 hours at room temperature
and was then cooled in an ice-water mixture. To the cold mixture was added
0.6 ml. of isobutanol and after 30 minutes 



the reaction mixture was evaporated. The residue was dissolved in ethyl
acetate and the solution was washed with 5% sodium bicarbonate and with
water and was 10       dried. The dried solution was evaporated to dryness
and the residue was triturated   10             10 with ether to yield 190
mg. of 3-chloro nucleus ester, diphenyimethyl 7-amino-3-
chloro-3-cephem-4-carboxylate. I.R. (mull): absorption peaks at 5.7 and 5.9
([err]-lactam  and ester carbonyl) microns.
15 15       NMR ([err]): signals at 6.35 (ABq, 2H, [err]), 4.78 (2d, 2H,
[err]  and                15 [err]), 3.05 (s, 1H, ester CH) and 2.65 (s,
1OH, aromatic H). Example 18. Following the 7-acyl side chain cleavage
reaction conditions described in Example 17 p-nitrobenzyl
7-armino-3-fluoro-3-cephem-4-carboxylate is prepared                    20
20       from  the  intermediate  of Example  13, p-nitrobenzyl
7-[2-(2-thienyl)acet-          20 amidol-3-fluoro-3-cephem-4-carboxylate.
Example 19. Following the 7-acyl side chain cleavage reaction procedure
described by  Example  15 diphenvlmethyl
7-amino-3-bromo-3-cephem-4-carboxylate  is                           25 25
prepared  from  diphenylmethyl 7-phenoxyacetamido-3-bromo-3-cephem-4-car-
25 boxylate. Example 20.
7-(D-a-Phenylglycylamido)-3-chloro-3-cephem-4-carboxylic acid
30 To a suspension of 280 mg. (1.2 mmole) of 7-amino-3-chloro-3-cephem-4-
30       carboxylic acid in 14 ml. of acetonitrile was added with stirring
at room            30 temperature 0.5 ml. of
N,O-bis-(trimethylsilyl)acetamide to form  the soluble disilylmethyl
derivative thereof. The solution was cooled to [err] and was slowly added
to a solution of the mixed anhydride formed by reacting 408 mg.
35 (1.5 mmole) of methyl 3-([err]-carboxybenzylaminocrotonate sodium salt
with 161 35       mg. (1.7 mmole) of methyl chloroformate in the presence
of 2 drops of                35 N,N-dimethylbenzyl amine in 7 ml. of
acetonitrile. The mixture was stirred at ice bath temperature for 2 hours,
I ml. of methanol was added and the mixture was filtered to remove
insoluble impurities. To milliliters of water                      40 were
added to the filtrate and the pH was adjusted momentarily to pH  1.5, 40
to effect removal of the enamine block, and then to pH 4.5 with
triethylamine.  40 After stirring for an additional hour at ice-bath
temperature the reaction product,
7-(D-[err]-phenylglycylamido)-3-chloro-3-cephem-4-carboxylic acid (zwit-
terion) precipitated from the reaction mixture as a crystalline solid. The
product was filtered, was washed with acetonitrile and dried in vacuo to
yield 200                          45 45        mg.
45 The product has the following physical characteristics: Elemental
analysis for [err]: Theory:  C, 47.80:  H. 4.01:  N. 11.15; Cl, [err]
50 Found:  C, 47.55:  H. 4.12;  N, 10.98; Cl, [err] 50       I.R. Spectrum
(mull): absorption  peaks at 2.9 (amide NH), 5.70 ([err]-lactam
50 carbonyl) and 6.28 (carboxylate) microns. NMR  Spectrum ([err]) :
signals at 6.5-6.7 ( ABq, 2H. [err]), 4.84 (d, 1H, [err]), 4.26 (d, 1H,
[err]) and 2.44 (s, 5H, aromatic H) tau.
55 UV Spectrum (pH 7 buffer): 55           [err] max 265 m[err]
([err]=6,800). Example 21. To a solution of 500 mg. (1.85 mmole) of methyl
3-[err]-carboxybenzylamino- crotonate sodium  salt (formed with
phenylglycine and methyl acetoacetate in                       60 20 ml. of
acetonitrile was added 4 drops of N,N-dimethylbenzylamine and the    21
1,461,323 solution was cooled in a dry ice-carbon tetrachloride mixture
with stirring. To the 



cold solution was slowly added 184 mg. (1.95 mmole) of methyl chloroformate
to form the mixed anhydride. After 20 minutes a pre-cooled solution of 750
mg. (1.85 mmole) of p-nitrobenzyl 7-amino-3-chloro-3-cephem-4-carboxylate
and 188 5    mg. (1.85 mmole) of triethylamine in 40 ml. of acetone was
added. The addition        5 took place over 3 minutes and thereafter the
reaction mixture was stirred in the cold for 30 minutes and then at room
temperature for 2 hours. The reaction mixture was filtered to remove
insoluble impurities and was evaporated in vacuo. The reaction product
residue was dissolved in a mixture of ethyl acetate- 10      water and the
pH of the solution was adjusted to pH 7. The organic layer was      10
separated and washed with water. After drying over magnesium  sulfate the
organic layer was concentrated under vacuum to a small volume. Upon
addition of n-hexane to the concentrate. 620 mg. of p-nitrobenzyl
7-[N-(l-carbo- methoxy-2-propenyl)-
D-[err]-phenyl[glycylamido]-3-chloro-3-cephe m - 4 - carboxylate 15
precipitated from the reaction mixture.
15 The product gave the following elemental analysis and nuclear magnetic
resonance spectrum: Elemental analysis for [err]: Theory:  C. 53.87;  H,
4.35: N, [err] 20           Found:  C. 54.05: H, 4.13; N, [err]
20 NMR ([err]): signals at 8.20 (s. 3H. enamine [err]), 6.60 (ABq, 2H,
[err]), 6.45 (s, 3H, ester [err]), 5.48 (s, 1H, enamine vinyl H), 4.90-4.1
(m. 5H. [err], [err], a-CH and ester [err]) and 3.10-l.5 (m, 9H, aromatic
H) tau. 25           The product, 540 mg. (0.9 mmole) was dissolved in 40
ml. of acetonitrile     25 containing 20 ml. of water and the solution was
first cooled in an ice-water mixture and then acidified momentarily to pH
1.5 and thereafter adjusted to pH 2.5. The mixture was evaporated and the
residue was dissolved in 40 ml. of tetrahydrofuran and 80 ml. of methanol.
30           To the solution was added 540 mg. of 5% palladium  on carbon
(pre-           30 reduced in 20 ml. of ethanol for 45 min. under 50 psi
hydrogen at room temperature) and the solution was hydrogenated at room
temperature for 2.5 hr. under 50 psi hydrogen pressure. The catalyst was
filtered and was washed on the filter with methanol, THF and with water.
The filtrate and washes were combined 35       and evaporated to dryness in
vacuo. The reaction product residue was dissolved   35 in water-ethyl
acetate and the pH of the solution was adjusted to pH 4.5. The aqueous
phase was separated, was washed with ethyl acetate and was evaporated to a
small volume of about 2 ml. On cooling, 65 mg. of the product,
7-(D-[err]-phenyl- glycylamido)-3-chloro-3-cephem-4-carboxylic acid,
precipitated as a crystalline 40  solid from the cold concentrate.
40 Example 22. To a suspension of 3.0 g. (8.1  mmole) of p-nitrobenzyl
7-amino-3-chloro- 3-cephem-4-carboxylate in 200 ml. of tetrahydrofuran
(dried with molecular sieve) were added 2.1 g. (8.3 mmole) of
N-(t-butyloxycarbonyl) D-[err]-phenylglycine 45       and  2.0 g (8.3
mnole) of N-ethoxycarbonyl-2-ethoxy-l,2-dihvdroquinoline       45 (EDQ).
The reaction mixture was stirred overnight at room temperature and the
solvent was evaporated under reduced pressure. The residue was dissolved in
a mixture of ethyl acetate and water and the organic phase was separated.
The organic phase was cooled and successively washed with a cold 5 percent
50       aqueous solution of sodium bicarboante, a cold solution of 5
percent hydrochloric  50 acid and then with water. The washed solution was
dried over magnesium sulfate, filtered, and concentrated by evaporation
under reduced pressure to a volume of about 50 ml. From the concentrate.
3.7 g. (63 percent yield) of the reaction product, p-nitrobenzyl
7-[D-2-(t-butyloxycarbamido) - 2 - phenylacetamido] - 3- 55
chloro-3-cephem-4-carboxylite. was obtained as a crystalline product. A
second   55 crop of the product weighing about 2 g. was obtained by further
concentration of the filtrate obtained after filtering the first crop
material. Elemental analysis calculated for [err]; 



Theory: C, 53.78: H, 4.51: N, 9.29. 60           Found: C, 52.66:  H, 4.36:
N, 8.88.                                           60 U.V. (acetonitrile)
showed a maximum at 268 m[err]([err]=17,100).    22
1,461,323                                       22 I.R. The following
significant absorption peaks were observed in the infrared spectra of the
product. Amide NH absorption peak at 3.05 m[err] and carbonyl absorption
peaks at 5.59. 5.75, and 6.0 m[err]. NMR ([err]): signals at 8.60 (s, 9H,
t-BOC), 6.45 (ABq, 2H, [err]), 5.03 (d, 5           1H, [err]), 4.67 (s,
3H, a CH and ester [err]). 4.12 (m, 3H, [err] and            5 amide NH),
and 2.72-1.74 (m, 10H, aromatic H and amide NH) tau. To a solution of 3.0
g. (5.0 mmole) of the product in 15 ml. of dry tetrahydrofuran (dried with
molecular sieve) and 185 ml. of methanol were added 3 g. of pre-reduced 5
percent palladium on carbon. The catalyst was pre-reduced 10      in
ethanol for 30 minutes at room  temperature under a hydrogen pressure of
10 50 psi. Following the addition  of the pre-reduced  catalyst. the
product was hydrogenated at room temperature for one hour under a hydrogen
pressure of 50 psi. The catalyst was filtered and washed on the filter with
tetrahydro- furan and methanol. The filtrate and washes were combined and
evaporated under 15      reduced pressure. The residue was dissolved in
ethyl acetate and water was         15 added. The pH of the mixture was
adjusted to pH 7 by the addition of IN sodium hydroxide. The aqueous phase
was separated and was washed with ethyl acetate. The aqueous phase was then
layered with ethyl acetate and back titra- ted to pH 2.5 with IN
hydrochloric acid. The organic phase was separated 20      from the aqueous
phase and was washed with water and dried over magnesium          20
sulfate. The dried organic phase was evaporated under reduced pressure to
dryness to obtain the reaction product,
7-[D-2-(t-butyloxycarbamido)-2-phenyl-
acetamido]-3-chloro-3-cephem-4-carboxylic acid, as a dry solid residue. The
product was crystallized from 70 ml. of ether containing 20 ml. of
petroleum 25      ether to yield 1.75 g. (75 percent) of crystalline
product.                       25 Elemental analysis calculated for [err]:
Theory: C, 51.34; H, 4.74; N, 8.98; Cl, 7.58. Found: C, 51.02; H, 4.96; N,
8.75; Cl, 7.30. U.V. (acetonitrile) maximum at 268 m[err] ([err]=7400). 30
NMR ([err]): signals at 8.55 (s, 9H, t-BOC), 6.48 (ABq, 2H [err]), 5.0
30 (d, 1H, [err]), 4.63 (d, 1H, a-CH), 4.25 (q, 1H, [err]), 3.90 (d, 1H,
amide NH), and 2.59 (s, 5H, aromatic H) tau. To a solution of 420 mg. (2.2
mmole) of p-toluene-sulfonic acid in 5 ml. of acetonitrile were added 468
mg. (1 mmole) of the crystalline hydrogenolysis 35      product. The
solution was allowed to stand at room temperature for about 16        35
hours and was then diluted with 0.5 ml. of water. The pH of the solution
was adjusted to pH 4.8 at which 320 mg. (87 percent) of the crystalline
deblocked product. 7-(D-phenylgivcylamido)-3-chloro-3-cephem-4-carboxylic
acid, pre- cipitated from the solution. The product was collected by
filtration and dried. 40      Elemental analysis calculated for [err]:
40 Theory: C, 47.80: H, 4.01; N, 11.15: Cl: 9.40. Found: C, 48.04; H, 3.82;
N, 11.18; Cl, 9.70. Example 23. The antibiotic compound 7 - (D - a -
phenylglycylamido) - 3 - chloro - 3- 45      cephem-4-carboxylic acid, was
also prepared from p-nitrobenzyl 7 - ID - 2 - (t-    45 butyloxycarbamido)
- 2 - phenylacetamidol - 3 - chloro-3-cephem-4-carboxylate by a deblocking
method alternative to that described in the preceding example. In this
method, the t-butvloxycarbonyl amino protecting group is removed first and
thereafter the p-nitrobenzyl ester group is cleaved with zinc and
hydrochloric 50       acid in dimethylformamide. This alternative
preparation is described in the       50 



following paragraphs. To a solution of 2.4 g. (12.6 mmole) of
p-toluene-sulfonic acid in 60 ml. of acetonitrile was added 3.6 g. (6
mmole) of p-nitrobenzyl 7-[D-2-(t-butyloxy-
carbamido)-2-phenylacetamidol-3-chloro-3-cephem-4-carboxylate. The reaction
55      solution was stirred at room temperature for about 15 hours during
Which time      55 the amino deblocked product, p-nitrobenzl
7-(D-1-phenlglycylamido)-3-chlhro- 3-cephem-4-carboxylate, as the
p-toluenesulfonic acid salt, formed a crystalline precipitate . The product
was filtered, washed with acetonitrile and vacuum dried. Yield 60       3.1
g. (81 percent).
60    23                                        1,461,323
2 Elemental analysis calculated for [err]: Theory:  C, 51.58;  H. 4.06:  N,
8.29.  Cl, 5.25. Found:  C. 51.51:  H, 4.14;  N, 8.12, Cl, 5.60. Infrared
absorption spectrum  (chloroform): carbonyl absorption peaks at 5.61, 5
5.80, and 5.95 microns. Tosylate salt absorption peak at 6.29 microns.
5 Nuclear magnetic resonance spectrum  (DMSO  [err]): signals at 7.70 (s,
3H, p-toluencsulfonic acid salt-[err]), 6.61 (s, 3H, side chain [err]),
6.20 (ABq, 2H, [err]), 4.94  (broad  singlet, 1H,[err]), 4.80 (d, lH,
[err]), 4.51 (s, 2H, ester [err]), 4.08 (q, lH, [err]), 2.95-1.62 (m, 14H
aromatic 10            hydrogen and amide NH), and 0.32 (d, 1H. amide NH).
10 The amino deblocked p-toluencsulfonic acid salt product obtained as des-
cribed above was deesterified to obtain the antibiotic compound as follows.
A solution of 1.5 g. (2.2 mmole) of the amine deblocked p-toluenesulfonic
acid salt product obtained above in 10 ml. of dry dimethylformamide (dried
with 15      molecular sieve) was cooled in an ice-alcohol bath. To the
cold solution was added    15 2 ml. of concentrated hydrochloric acid. Zinc
dust, 400 mg. (6.1 mmole) was added to the cold solution portionwise over a
period of about 15 minutes. The reaction mixture was stirred in the cold
for 30 minutes and was then allowed to warm to room  temperature with
continued stirring. The reaction mixture was 20       stirred at room
temperature for about one hour and was filtered. The pH              20 of
the filtrate was adjusted to 6.8 with triethylamine. The product, 7-(D-
a-phenylglycylamido)-3-chloro-3-cephem-4-carboxylic acid as the
bis-dimethyl- formamide solvate of the zwitterion, formed as a white
crystalline precipitate. The product was filtered, washed with 10 ml. of
cold dimethylformamide 25       and then with 6 ml. of diethyl ether. The
washed product was vacuum dried to         25 yield 800 mg. (71 percent).
Elemental analysis calculated for [err] Theory: C, 49.07: H, 5.49; N,
14.63; Cl, 6.90. Found: C, 48.84; H, 5.53; N, 13.48; Cl, 7.18. 30
Ultraviolet absorption spectrum (acetonitrile):
30 maximum at 265 m[err] ([err]=6,OOO). Electrometric titration (66 percent
aqueous DMF): pKa at 4.55 and 7.2. Nuclear magnetic resonance spectrum
([err]/DCI): signals at 6.34 (2s, 6H, 35           [err]), 6.33 (ABq, 2H,
[err]), 4.85 (d, 1H, [err]), 4.64 (s, 1H,              35 [err]),4.27(d,
1H,[err]), 2.41(s, 5H aromatic H),and 1.84 (s, 2H, DMF-(H) ta u. Example
24.
7-[D-[err]-(3-hydroxyphenyl)-glycylamido]-3-chloro-3-cephem-4-carboxylic
acid 40           N-(t-Butyloxycarbonyl) D-3-hydroxyphenylglycine, 2.9 g.
(II mmole) was         40 reacted with 3.7 g. (10 mmole) of p-nitrobenzyl
7-amino-3-chloro-3-cephem-4- carboxylate and 2.6 g. (10.5 mmole) of the
coupling reagent EEDQ. The reaction was carried out and the product
isolated by following the procedures des- 



cribed in the acylation process of Example 22. The product (see below) was
45      obtained as an amorphous solid after trituration with ether to
yield 2.8 g.           45 (46 percent). Elemental analysis calculated for
[err]: Theory:  C, 52.39;  H, 4.40; N, 9.05. Found:  C, 52.16;  H, 4.59;
N, 8.79. 50       Ultraviolet absorption spectrum (acetonitrile):
50 maximum at 270 m[err] ([err]=17,200). Nuclear magnetic resonance
spectrum  ([err]): signals at 8.59 (s. 9H, t-B0C), 6.50 (ABq, 2H, [err]),
5.06(d. 111.[err]). 4.66 (s  H. [err]). 4.09 (m, 2H, 2,-11), 3.34-1.70 (m,
9H, aromatic H and amide NH) tau. 55        The product. p-nitrobenzyl 7 -
ID - 2 - (t - butyloxycarbamido) - 2 - (3-        55 hydroxyphcnyl) -
acetamidol  3 - chloro-3-cephem-4-carboxylate, 3.5 g. of (5.6 mmole).  was
hydrogenated  in ethanol in the presence of pre-reduced  5 percent
palladium  on carbon by following the deesterification procedure des-
cribed in Example 22. The product,
7-[D-2-(t-butyloxycarbamido)-2-(3-hydroxy-
phenyl)-acctamidol-3-chloro-3-cephein-4-carboxylic acid. was obtained
crystal- line by trituration of the amorphous crude product with a solution
of n-hexane in diethyl ether Yield: 1.5 g. (55 percent).    24
1,461,323                                      24 Ultraviolet absorption
spectrum (acetonitrile): maximum at 272 m[err] ([err]=8,280). Electrometric
titration (66 percent aqueous DMF): pKa at 4.5. 5           The above
product, 1.3 g. (2.7 mmole) was reacted with 1.1 g. (5.9 mmole)       5 of
p-toluenesulfonic acid in 28 ml. of acetonitrile to effect the removal of
the t-butyloxycarbonyl protecting group. The procedure was carried out
essentially according to the method described in Example 22. The product, 7
- [D - a - (3 - hydroxyphcnyl) - glycylamido)-3-chloro-3- 10
cephem-4-carboxylic acid, crystallized from the reaction mixture, was
filtered     10 and then vacuum dried. Yield, 700 mg. (64 percent).
Elemental analysis calculated for [err]: Theory: C, 44.83; H, 4.01: N,
10.46. Found:  C, 45.12; H, 4.06; N, 10.31. 15      Ultraviolet absorption
spectrum (pH 6 buffer):                                     15 maximum at
268 m[err] ([err]=9,750). Nuclear magnetic resonance spectrum  ([err]/DCI):
signals at 6.31 (ABq, 2H. [err]), 4.81 (d, 1H, [err]), 4.52 (s, 1H, a-CH),
4.26 (d, 1H, [err]), and 3.1-2.5 (m, 4H, aromatic H) tau. 20
Example 25.                                        20
7-(D-4-Chlorophenylglycylamido)-3-chloro-3-cephem-4-carboxylic acid By
following the procedures described in Example 22, 850 mg. (2.3 mmole) of
p-nitrobenzyl 7-amino-3-chloro-3-cephem-4-carboxylate was acylated with 700
mg. (2.5 mmole) of N-t-butyloxycarbonyl D-4-chlorophenylglycine and 25
567 mg. (2.3 mmole) of EEDQ  to provide 1.2 g. of p-nitrobenzyl 7-[D-2-(t-
25 butyloxycarbamido)-2-(4-chlorophenyl)acetamidol-3-chloro-3 - cephem - 4
- car- boxylate. The product, 1.2 g. (1.9 mmole) was hydrogenated at room
temperature in the presence of pre-reduced 5 percent palladium on carbon to
effect the removal 30      of the p-nitrobenzyl ester group and provide 450
mg. of 7-[D-2-(t-butyloxy-        30
carbamido)-2-(4-chlorophenyl)-acetamido]-3-chloro-3-cephem-4-carboXylic
acid  as a crystalline product. The product was obtained crystalline by
trituration of the amorphous reduction product with diethyl ether.
Elemental analysis calculated for [err]: 



35         Theory:  C, 47.82; H, 4.21; N, 8.36; Cl, 14.11.
35 Found:  C, 47.75; H, 4.43; N, 8.11; Cl, 14.15. Electrometric titration
(66 percent aqueous DMF): pKa at 4.4; apparent molecular weight = 508;
calculated MW=502. The deesterification product, 450 mg. (0.9 mmole), was
reacted with 40      p-toluenesulfonic acid in acetonitrile by following
the procedure described        40 in previous examples to effect the
removal of the t-butyloxycarbonyl protecting group and provide 160 mg. of
crystalline 7-[D-a-(4-chlorophenyl)-glycylamidol-
3-chloro-3-cephem-4-carboxylic acid in the zwitterionic form. Elemental
analysis calculated for [err]: 45         Theory:  C, 42.86;  H, 3.59; N,
9.99: Cl, 16.87.                                45 Found:  C, 43.07;  H,
3.63; N, 9.69; Cl, 16.75. Ultraviolet absorption spectrum (pH 6 buffer):
maxima at 265 m[err] ([err]=8,100) and 2.25 m[err] ([err]=13,900).
Electrometric titration (66 percent aqueous DMF): 50          pKa  =  4.15
and  6.8; apparent molecular weight    407, calculated            50 MW
403. Example 26.
7-[D-[err]-(4-Hydroxyphenyl)-glycylamido]-3-chloro-3-cephem-4-carboxylic
acid N - (t - butyloxycarbonyl) D - 4 - hydroxyphenylglycine, 2.9 g. (II
mmole) 55      was reacted with 3.7 g. (10 mmole) p-nitrobenzyl
7-amino-3-chloro-3-cephem-4-  55 carboxylate and 2.6 g. (10.5 mmole) of the
coupling reagent EEDQ  in dry tetrahydrofuran. The reaction was carried out
and the product isolated by following the procedures described in the
acylation process of Example 22.    25
1,461,323                                     25 The product, 3.7 g. (60
percent yield) was obtained crystalline from cold diethyl ether. The
product, p-nitrobenzyl 7 - [D - 2 - (t - outyloxycarbamido) - 2 - (4-
hydroxyphenyl)acetanmido]-3-chloro-3-cephem-4-carboxylate gave the
following 5       percent elemental analysis and nuclear magnetic resonance
spectrum.                5 Elemental analysis calculated for [err]: Theory:
C, 52.39; H, 4.40; H, 9.05. Found: C, 52.12: H, 4.26: N, 8.91. Nuclear
magnetic resonance spectrum  (DMSO [err] ) showed signals at 8.62 (s, 10
9H, [err]), 6.16 (ABq, 2H, [err]), 4.81 (d, 1H, [err]), 4.75 (d,
10 1H, [err]-CH), 4.53 (s, 2H, ester-[err]), 4.18 (q, 1H, [err]), 7.04 and
2.0 (2q, 8H, aromatic H), 0.76 (d, 1H, [err]) and 0.58 (s, 1H, p-OH), tau.
The product, 2.2 g. (3.5 mmole) was hydrogenated in ethanol in the presence
of pre-reduced 5 percent palladium-on-catalyst to affect the removal of the
15   p-nitrobenzyl group. The de-esterified product,
7-[D-2-(t-butyloxycarbamido)-2-    15
(4-hydroxy)phenyl-acetamidol-3-chloro-3-cephem-4-carboxylic acid, was
obtained crystalline from a mixture of diethyl ether and n-hexane. One gram
of the product was obtained. Elemental analysis calculated for [err]: 20
Theory:  C, 49.64; H, 4.58; N, 8.08.
20 Found: C, 48.92, H, 4.40; N, 8.24. Nuclear magnetic resonance spectrum
(DMSO  [err]) showed signals at 8.61 (s, 9H, [err]), 6.26 (ABq 2H, [err]),
4.89 (d, lH, [err]), 4.78 (d, I H, [err]-CH) 4.28 (q, 1H, [err]), 3.06 (q,
4H, aromatic-H) and 1.20 (d, IH, 25           [err]) tau.
25 The tBuOOC- protecting group was removed from the de-esterification
product by reacting the product in acetonitrile with p-toluenesulfonic
acid. From the I g. of product was obtained 330 mg (40 percent) of the
final product 7 - [D - [err] - (4 - hydroxyphenyl) - glycylamidol - 3 -
chloro - 3 - cephem - 4- 



30      carboxylic acid having the following elemental analysis, nuclear
magnetic spectrum  30 and titration values. Elemental analysis calculated
for [err]: Theory: C, 44.83; H, 4.01; N, 10.46. Found: C, 44.92: H, 3.45;
N, 10.63. 35      Electrimetric titration in 66 percent aqueous DMF gave
pKa values of 4.2,          35 7.7 and 12.4. The apparent molecular weight
calculated as 384: the calculated molecular weight is 383.8. Nuclear
magnetic spectrum ([err]/DCI) showed signals at 6.32 (ABq, 2H [err]), 4.84
(d, 1H, [err]), 4.27 (d, 1H, [err]), and 2.79 (q, 4H, 40
aromatic-H) tau.
40 Example 27. Following the acylation procedure and by employing the
acylating reagent of Example 20, the following compounds are prepared by
the acylation of the indicated 3-halo nucleus: 7 - (D - a -
phenylglycylamido) - 3 - fluoro - 3 -cephem- 45      4 - carboxylic acid is
prepared from 7 - amino - 3 - fluoro - 3 - cephem - 4-      45 carboxylic
acid: 7 - (D - a - phenylglycylamido) - 3 - bromo - 3 - cephem - 4-
carboxylic acid is prepared from  7 - amino - 3 - bromo - 3 - cephem  - 4-
carboxylic acid; and 7 - [D - a - (4 - hydroxyphenyl)glycylamidol - 3-
chloro- 3 - cephem - 4 - carboxylic acid is prepared from the enamine
protected 4-hydroxy- 50      phenylglycine mixed anhydride derivative
formed with methyl chloroformate via     50 the acylation of
7-amino-3-chloro-3-cephem-4-carboxylic acid. Example 28. 7 - [D) - 2 - (2 -
Thienyl)glycylamidol-3-chloro-3-cephem-4-carboxylic acid is prepared by the
N - acylation of 7 - amino - 3 - chloro - 3 - cephem - 4- 55
carboxylic acid with 2 - thienylglycyl chloride hydrochloride in
acetonitrile      55 and in the presence of propylene oxide. Example 29. 7
- ID - 2 - (3 - Thienyl)glycylamidol - 3 - chloro - 3 - cephern - 4 -
carboxylic acid is prepared with 7 - amino - 3 - chloro - 3 - cephem - 4 -
carboxylic acid via 60      N-acylation with D-3-thienylglycyl chloride
hydrochloride.                     60    26
1,461,323                                     26 WHAT WE CLAIM IS:- 1. A
compound of general formula [err] wherein R is phenyl, monohydroxyphenyl,
dihydroxyphenyl, monohalophenyl, 5      dihalophenyl, monomethoxyphenyl.
dimethoxyphenyl. monomethylphenyl, di-           5 methylphenyl, 2-thienyl,
3-thienyl or 2-furyl; [err] is hydrogen, benzyl, p-methoxybenzyl,
p-nitrobenzyl, diphenylmethyl, 2,2,2-trichloroethyl, trimethylsilyl, or
t-butyl; [err] is hydrogen or an amino-protecting group; 10          X is
fluoro, chloro, or bromo;                                               10
or, when  [err] or [err] is hydrogen, a pharmaceutically-acceptable, non-
toxic salt thereof. 2. A compound as claimed in Claim l, wherein [err] is
hydrogen. 3. A compound as claimed in Claim 1 or Claim 2, wherein X is
chloro. 15          4. A compound as claimed in Claim 1, 2 or 3, wherein R
is phenyl.            15 5.
7-(D-[err]-Phenylglycylamido)-3-chloro-3-cephem-4-carboxylic acid. 6. A
compound as claimed in any one of Claims I to 3, wherein R is mono or
dihydroxyphenyl. 7. 7 - [D - ([err] - (4 - Hydroxyphenyl) - glycylamido] -
3 - chloro - 3 - cephem- 20      4-carboxylic acid.
20 8. 7 - ID - [err] - (3 - Hydroxyphenyl) - glycylamido] - 3 - chloro - 3
- cephem- 4-carboxylic acid. 



9. A compound as claimed in any one of Claims 1 to 3, wherein R is mono or
dihalophenyl. 25           10. 7 - [D - [err] - (4 - Chlorophenyl) -
glycylamidol - 3 - chloro - 3 - cephem - 4-  25 carboxylic acid. 11. A
compound as claimed in any one of Claims I to 3, wherein R is 2-thienyl.
12. 7 - ID - 2 - (2 - Thienyl) - glycylamidol - 3 - chloro - 3 - cephem -
4- 30      carboxylic acid.
30 13. A compound as claimed in any one of Claims 1, 2, 4, 6, 9, and 11,
wherein X is a fluorine atom. 14. 7 - (D - [err] - Phenylglycylamido) - 3 -
fluoro - 3 - cephem - 4 - carboxylic acid. 35           15. 7 - ID - a - (4
- Hydroxyphenyl) - glycylamidol - 3 - fluoro - 3 - cephem - 4-  35
carboxylic acid. 16. A compound as claimed in any one of Claims 1, 2,4,6,9
and 11, wherein X is a bromine atom. 17. A process for preparing a compound
of the formula [err] 40 wherein R, [err] and [err] are as defined in any
one of Claims 1, 2, 4, 6. 9 or 11, and X is chloro or brorno, which
comprises a) reacting in any sequence a 3-hydroxy-3-cephem ester of the
formula [err] 45      wherein  [err] is a carboxylic acid protecting ester
forming group, with a         45 chlorinating  or brominating  agent in  a
solvent capable  of forming  an    27
1,461,323                                     27 iminium chloride or
bromide, and with an acylating reagent of the formula [err] or a reactive
derivative thereof, to provide the corresponding 7-([err]-amino) 5
or 7-(a - protected - amino)-acylamido-3-halo-3-cephem-4-carboxylic acid
5 ester; and b) optionally removing the carboxylic acid protecting ester
forming group or the amino-protecting group to provide the corresponding
7-([err]-amino)acyl- amido-3-halo-3-cephem-4-carboxyiic acid. 10
18. A  process according to Claim  17, wherein the solvent is dimethyl-
10 formamide. 19. A process according to Claim 17, or Claim 18, wherein the
halogenating agent is phosphorus trichloride. 20. A process according to
Claim 17 or Claim 18, wherein the halogenating 15      agent is thionyl
chloride.                                                          15 21. A
process according to Claim  17 or Claim 18, wherein the halogenating agent
is phosphorus tribromide. 22. A process for preparing a compound according
to Claim 1, substantially as hereinbefore described with particular
reference to any one of Examples 20      20 to 29.
20 with 23. A compound according to Claim I substantially as hereinbefore
described with particular reference to any one of Examples 20 to 29. 24. A
compound according to Claim I whenever prepared by a method as claimed in
any one of Claims 17 to 22. 25          25. A pharmaceutical formulation
comprising a compound as claimed in            25 any one of Claims I to
16, in which [err] is hydrogen, or a pharmaceutically- acceptable salt
thereof, associated with a pharmaceutically-acceptable carrier therefor. 
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